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PREFACE TO THE FIRST EDITION. 



This book does not pretend to give any new &ct8 or 
opinions upon the subject of which it treats. Any 
claim to attention it may deserve is based upon its being 
an attempt to embody the principles of boiler construc- 
tion and management, together with numerous opinions 
collected from the writer's experience in boiler inspect- 
ing, and from various sources not accessible to the ma- 
jority of those engaged or otherwise interested in the 
application of steam. 

Many of those opinions advanced, which are founded 
on experience, may require repeated modification with in- 
creased opportunities of observation and as new light is 
brought to bear on the various questions by further 
experiments. 

As anything liko a complete history of boiler progress 
is beyond the scope of such a small work as this, only a 
slight sketch of the salient points has been attempted in 
the first chapter, A complete history, accompanied by 
remarks pointing out the defects that have led to the 
disuse of many inventions connected with boiler work, 
would be of real service to many, for, judging by the 
frequency of the repetition of old defects, it would ap- 
pear to be even more important to know what to avoid 
than what tg adopt in designing new boilers. 

It is almost impossible in a work like this to mention 
authorities for all the information given. Where con- 
sidered necessary, the authorities have been cited ; but 
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it may be desirable to specially enumerate the following 
works that have been most largely drawn upon for in- 
formation : Sir W. Fairbairn^s "Useful Information for 
Engineers/^ Peclet^s "Traite de la Chaleur," Professor 
Kaakine's "Steam Engine and other Prime Movers/' 
Mr. D. Kirkaldy^s " Experiments on Wrought Iron and 
Steel/' Mr. E. J. Reed's "Shipbuilding in Iron and 
Steel/' and numerous articles in "The Engineer/' "En- 
gineering/' and " The Mechanics' Magazine/' 

May, 1873. 



^:aEFACE to THE PRESENT 
AMERICAN EDITION. 



The preseutation to the Engineering Profession and 
to our Technical Schools of a well-known work in a 
slightly altered condition calls for a few words of intro- 
duction. 

Many excellent works upon the subject of Steam Boil- 
ers have been published by American authors, but none 
with which the writer is acquainted sufficiently wide in 
its scope and practical in its applications, and at the same 
time adapted in its mo4e of treatment to the require- 
ments of beginners. 

Mr. Wilson^s work most nearly meets these require- 
ments for an elementary, and at the same time compre- 
hensive, treatment of the subject ; but in teaching from 
this book, the need of illustrations has been felt in order 
to convey to the mind of the student the matter spoken 
of in the text ; it is to supply this want, and also to rep- 
resent American practice as it exists to-day, that the 
present work, with Mr. Wilson's permission, has been 
undertaken. 

The introductory chapter, containing a short, concise 
review of the development of steam-boilers with illus- 
trations of the various types, has been re-written for 
this edition ; otherwise no changes have been made in 
the text. 

In the Appendix will be found explanatory notes on 
American practice ; methods and rules for testing the 
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power and efficiency of boilers ; and numerous tables of 
practical yalue both to the designer and the steam user. 
The writer desires to express his obligations to those 
who have assisted him in this work^ particularly Mr. J. 
M. Allen, of Hartford. In its preparation free use has 
been made of recent technical literature relating to tlie 
subject, and where extracts haye been made the author- 
ity has been quoted throughout the work. 

BBTHIiEHEH. ?▲.» 
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CHAPTER I. 

INTRODUCTORY. 

The enormous development attained by the system of 
employing steam is to be ascribed to its commercial suc- 
cess. Only so long as it continues to be regarded as less 
costly than other agents will steam retain its present 
position as a motive-power, and for the various purposes 
in chemical and other manufactures to which it is so 
largely applied. Yet there are certain theoretical con- 
siderations in connection with the present mode of em- 
ploying steam which, regarded in the abstract, clearly 
indicate that we are by no means justified in concluding 
that it is the most economical motive-power obtainable. 
Many attempts have, in consequence, been made to 
replace steam as a prime mover, but, except in small 
engines, with little success. 

Air, water, gas, and electricity are used to some extent 
as motive-powers; but there are found, inseparably con- 
nected with these latter, certain practical difficulties 
which render them at present inapplicable to general 
work. But even supposing the successful employment of 
some more suitable prime mover were rendered practica- 
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ble, it would be so long before the present arrangements 
could be replaced that it would still be to our interest to 
striye to improTC the modes of employing the agent we 
now possess, and to inquire in which direction further 
progress in its economical application seems to act. 

It is long since theoretical deductions indicated the 
economical advantages to be derived from the use of 
high steam-pressures combined with high grades of ex- 
pansion in the cylinder. The practical difficulties that 
stood in the way having been gradually and successfully 
overcome, the result has been the marked changes from 
the seven- and ten-pound pressures so common fifty 
years ago, to the pressures of from sixty to one hundred 
and fifty pounds at present employed, and the more gen- 
eral employment of the higher pressures will be demanded 
as the advantages of using steam expansively become 
more generally recognized. 

One of the impediments to progress in this direction 
is the difficulty of obtaining reliable vessels of sufficient 
strength and simplicity, combined with moderate cost of 
construction and maintenance, for generating and con- 
taining the steam. 

In the early days of the steam-engine, vessels of cop- 
per and cast-iron were used as steam-generators. It is 
recorded that structures of stone, and even wood, with 
internal flues of copper and iron, were at one time em- 
ployed, and by such men as Watt and Smeaton. These, 
however, were only subjected to one or two pounds press- 
ure above, the atmosphere. The high price of copper 
must forbid its ever being used extensively when cheaper 
materials are to be found. 

When pressures of seven to ten pounds above the at- 
mosphere came into use, cast-iron was found unreliable 
and treacherous for the boilers as at that time con- 
structed. It was therefore discarded in favor of wrought 
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iron^ which was probably not used at first in conse- 
quence of the difficulty found in working it, and in 
making steam-tight joints with the appliances and 
methods then employed in boiler making. 

Until quite recently wrought-iron was used almost to 
the exclusion of all other materials, but now steel is 
rapidly superseding wrought-iron; its greater strength 
permitting thinner plates to be used; its greater duc- 
tility allowing a larger degree of freedom under sudden 
or dangerous strains; its greater uniformity of structure 
or homogeneity; its freedom from lamination and blis- 
ters; all these render steel the more desirable material, 
though greater care must be exercised in its manipula- 
tion. 

Now that steel has become an important factor in 
boiler making, we cannot look forward to any further 
progress in the direction of obtaining a stronger mate- 
rial; any effort to increase the strength of boilers should 
therefore be aimed at improving their shape and the 
disposal of material. 

The variety of shapes in which boilers are made, and 
in the attainment of which much ingenuity has been 
exercised, is due to the various ends they have been de- 
signed to meet. Among these may be mentioned 
8trength> durability, smallness of bulk and weight, sav- 
ing of labor and material, greater extent and efficiency 
of heating surface, improvement of circulation, preven- 
tion of smoke, economy of fuel, facility of examination, 
cleaning, and repairs. 

It is not intended here to describe the boiler of the 
future, but rather to set forth the principles of construc- 
tion and management, a knowledge of which is essential 
to the safe and economical employment of the types of 
boiler at present chiefly used. 

Boilers may be classified either from their form or the 



ia A TREATISE OK STEAM-BOILERS. 

purpose which they serve; according to the latter we 
have: Stationary, Portable, Locomotive and Marine. 
For our immediate purposes, however, we shall use a 
general classification into types according to their 
form. 

These types are very varied ; but the increased facili- 
ties for doing work, combined with a more thorough 
knowledge of the laws on which the safety and economy 
of boiler construction and managemetit depend, have led 
to the adoption of a few general forms which are often 
peculiar to a given locality. 

Which is the best form or type of boiler is a question 
to be determined by the designer, after taking into ac- 
count all the attendant circumstances— fuel, feed-water, 
and location. Thus in the mining regions, where fuel is 
cheap and the water often bad, the plain cylindrical 
type is most frequently used, as it offers at once a boiler 
easily cleaned, easily managed, readily examined and re- 
paired, and whose first cost is low. On the other hand, 
if the feed-water be pure or contain no lime or other 
scale-forming salt, the tubular boiler is almost invariably 
found. Again, the space in ground area may be lim- 
ited, and in this case we would find the vertical boiler 
in use. 

In order that the reader may become acquainted with 
the different forms of steam-boiler, the following exam- 
ples have been chosen. 

One of the earliest forms was spherical, made of cast- 
iron and supported on brick- work. Fig. la illustrates 
this form, and represents a boiler designed and used 
by Newcomen as early as 1710;* in the plan a flue is 
shown surrounding the boiler just below the water level, 
from which it is apparent that the hot gases traversed 

*N. P. Burgh, " Boilers and Boiler Making," London, 1878. 
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Fio. lo.— Newcomen*8 Spherical Boiler. 
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this flue in the direction of the arrows, and finally passed 
up the chimney situated opposite the furnace door. 

In the following year Newcomen brought out a verti- 
cal cylindrical boiler. Pig. 2a, commonly called the 




Fio. Sa.— Newcoinen*s Haystack Boiler. 

" Haystack '^ or " Balloon '^ boiler, which was made of 
wrought-iron with hemispherical top and arched bot- 
tom. The fire was placed directly beneath this arch, 
and the flame surrounded the lower part of the boiler 
before passing into the chimney. This haystack boiler 
became very popular and enjoyed a long run — many 
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gpecimens still being found in England^ some of them 
as large as twenty feet in diameter. 

To still further increase the heating surface of these 
boilers, Smeaton placed the fire inside the shell, and 
connected the furnace to the chimney by means of in- 
ternal flues, as shown in Fig. 3a. 




Fig. 3a.— Smeaton 's Haystack Boiler. 

This boiler, introduced 1769,* was the first vertical 
flued boiler — forerunner of a numerous class. 

With a view of obtaining still more heating surface, 
the vertical cylinder in its turn gave way to the horizon- 
tal oblong boiler introduced by James Watt, and called, 
from its resemblapce to an old-fashioned wagon top, the 
^^ Wagon " boiler. 

Fig. 4a represents Watts' boiler. The sides as well as 
bottom are curved inward so as to allow the products of 
combustion to impinge upon their surfaces while passing 
through the side flues formed by the brickwork. The 
smoke and heated gases pass from the grate under the 



*N. P. Burgh. 
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Fia. 4a. -Watts* Wagon 'SUAlese* 
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boiler to the rear, then through the left vldw flue to the 
front ; crossing the front they enter the other side 
flue, and thus pass to the rear into the chimney. This 
constitutes what is called a ^^ wheel draught/' After 
passing through various modifications of form, designed 
with a view to increase the strength and also the amount 
of heating surface, this type is now rarely to be met 




Fig. 5a.— Plain Qylindrical Boiler. 

with ; its tendency to change of shape, even in spite of 
elaborate staying, renders it unfit for the pressures now 
commonly employed. 

Early in the present century what we may call the 
modern types of boiler began to be used. The simplest 
of these is the Plain Cylindrical, Fig. 5a, with flat cast- 
iron ends, or the ends may be of wrought-iron, either 
flat, cambered, or hemispherical, this latter producing 
what is known as the " Egg end '' boiler, a form, with 
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the exception of the sphere, the strongest possible to 
resist bursting. 
Aa before stated, plain cylindrical boilers are extensively 




used in mining districts where coal is abundant, and are 
also often employed in blast-furnaces and iron works 
where the waste gases from the furnaces are used as fuel. 
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These boilers in the United States generally range 
from 30 to 42 inches in diameter, and from 20 to 40 
feet in length, although much larger are at times em- 
ployed — those of the Cambria Iron Co. at Johnstown, 
Pel., according to Mr. Holley, being 48 inches in diameter 
and 60 feet in length; at the Bethlehem,- Pa., Iron 
Works a battery of seven boilers has a length of GS feet; 
and one case is reported where the length exceeds 100 
feet. 

Although the plain cylindrical boiler is not generally 
economical in the use of fuel, it is in other respects, — 
simplicity ; ease of access for inspection, cleaning, and 
repairs ; strength ; durability and low cost of construc- 
tion, — ^particularly well adapted to hard continuous 
work. 

To increase the extent of heating surface without in- 
creasing the length of the boiler, the internal flue was 
introduced, through which the heated gases passed to 
the chimney, thus forming the Cylindrical Flue boiler. 
At first this type had only one flue of large diameter 
extending from end to end, as in Pig. 6a, but this 
number was soon increased to two, five, seven, and even 
more flues, which necessarily decreased in diameter as 
the number increased. 

From the cylindrical flue boiler to the Multitubular, 
Fig. 7a, was a natural transition. Flues are usually 
formed of plates bent into cylindrical form and riveted 
at the seam ; on the other hand, tubes are drawn or 
rolled by special machinery and the seam lapped over and 
welded. 

When tubes came into use the conduits in the cylin- 
drical flue boiler were increased in number and tubes 
of smaller diameter substituted for the flues ; in this, 
way was produced the multitiibular boiler — than which. 
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at the present day, probably none are so uniyersally 
used. 
The employment of tubes instead of large fines per- 




mits the length of a boiler-shell to be diminished, as 
the same amount of heating surface can still be obtained 
by increasing the number of tubes. Beyond a certain 
limit, however, this does not increase the efficiency of 
the boiler, as tubes may be so crowded into a shell as to 
prevent the proper circulation of the water^ and the 



rNTEODUCTOEY. 



13a 



effect will be that the formation of steam will be retarded 
instead of increased with the greater heating surface. 

Soon after the advent of the single flue boiler, Richard 
Trevithick, a Cornish engineer — known as the inventor 
of the first locomotive — conceived the idea of placing the 
fire inside the flue, and thus introduced what is now 
known as the Cornish boiler, a section of which is given 
in Fig. 8rt, — a boiler largely used in England, but seldom 
to be met with in this country. 
• The heated gases in this boiler pass to the rear 




Fig. 8a.— Section of Cornish Boiler. 

through the large single flue, in which is situated the 
fire ; then divide into two streams which traverse the side 
conduits, A and B, to the front ; then uniting again 
they pass under the boiler through C and up into the 
chimney. This course of the gases is called a split 
draught. 

In consequence of the weakness of the large diameter 
of the single internal flue when a large grate area was 
required, two flues were adopted, which gives us the 
Lancashire boiler. Fig. 9a, also named from the locality 
where it was first introduced. 

These forms — the Cornish and Lancashire — ^are identi- 
cal except that the former has one flue while the lattF~ 
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has two ; they are both cylindrical with internal flues, 
having the fire placed within. 
If these boilers be fired from below and the hot gases 




traverse the flue or flues, they become cylinder-flue 
boilers, and are in no wise externally-fired Cornish or 
Lancashire types. An externally-fired Cornish boiler is 
a misnomer. 
Numerous modifications of these two types are to be 
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found. There is the " Breeches-flued '' boiler, which is 
a combination of both types, having the two furnace- 
flues uniting with one long flue behind the bridge. 
The weak form of the combustion-chamber or neck join- 
ing the double furnace-flues with the single flue has 
been the source of frequent disasters. This defect 
along with the diminished heating surface of the single 
flue has largely led to the disuse of this boiler. The 
boiler used in the Strong locomotive somewhat resembles 
the Breeches-flued type in that it contains two furnace 
flues uniting in a combustion chamber behind the 
bridge. In this boiler, however, in addition to the 
flues and combustion chamber, which are of corrugated 
steel, there is the usual number of small tubes through 
which the escaping products of combustion pass on their 
way to the smoke-stack. 

There is also the Butterly boiler, with circular or 
elliptical internal flue. The front of this boiler is cut 
away for the length of the fire-grate under the crown of 
the furnace — which crown is a concave arc of a greater 
radius than that of the internal flue ; this was to obtain 
a larger grate area, but on account of its weak form this 
boiler is unsuitable for high pressures, and is conse- 
quently passing out of date. 

In order to increase the amount of heating surface and 
the strength of the large internal flues, as well as to im- 
prove the circulation of the water, small transverse 
water-tubes, which act as pillars or hollow struts, keep- 
ing the sides of the flue apart against collapsing press- 
ure, have been added to the main flues. The most con- 
spicuous example of this modification of the Lancashire 
is the Galloway boiler. Figs. 10a and 11a, which has 
long found favor with steam users in England and to 
some extent in this country. 

The weak elliptical tube, when its form is not too 
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irregular, can be adequately strengthened by the vertical 
conical water-tubes, and the whole made capable of sus- 




taining as great a pressure as any of the internally fired 
class enumerated. 

It must not, however, be forgotten that the advan- 
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tages just mentioned are gained by the sacrifice of sim- 
plicity, and that they increase the diflBculty of examina-- 
tion, cleaning, and repairs. ** 

When small welded tubes came into practice in the 
construction of the multitubular boiler, as previously 
shown, their use was soon introduced in combination 
with the Cornish type, thus producing a boiler with a 
large internal cylindrical flue containing the fire-box, 
which, back of the bridge, is fitted with numerous 
small tubes through which the products of combustion 




FiQ. 11a.— End View of Qalloway Boiler. 

pass on their way to the chimney: The amount of 
heating surface is increased by this arrangement, but 
the large, unsupported fine which forms the combustion 
chamber renders this class of boiler liable to collapse 
under high pressures. A better form of multitubular 
boiler with internal fire-box is to be seen in the Locomo- 
tive type. 

In 1829 George Stephenson used a boiler in his famous 
"Rocket^' which consisted of a rectangular fire-box, 
enclosed within an outer shell with water-space between 
(except under the grate-bars, which was open), and at- 
tached to a cylindrical shell containing numerous small 
tubes through which the products of combustion passed 
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direct to the chimney, or smoke-stack. During the past 
sixty years this type has undergone changes of construc- 
tion only — ^the^form is essentially the same^and the 
ahove description of boiler used by Stephenson will ap- 
ply equally as well to almost any locomotive boiler used 
on our roads to-day. 

The sides and top of the fire-box being flat, or nearly 
so, and subjected to a high external pressure, require 
to be adequately stayed in order to resist collapse. This 
is done by means of stay-bolts uniting the outer and 
inner shells on the sides ; and the flat top or crown- 
sheet, as it is called, is strengthened by means of crown- 
bars which span the crown-sheet and hold it up by means 
of bolts, or it is supported by stay-bolts screwed into the 
shell above. 

This type of boiler, when well made and properly 
stayed, being light and strong, self-contained, and withal 
a good steamer, is particularly well adapted to the work 
for which it is intended. 

Although universally used for railroad engines, this 
form is not a locomotive boiler exclusively, as it is 
largely used both as a stationary and as a portable boiler. 
Being self-contained, requiring no brick-work for flues 
or setting, it is especially desirable as a steam generator 
for agricultural machinery, in which case the engine is 
often connected to the shell, as shown in Fig. 12a, 
which represents a portable engine an<t boiler as made 
by the Bigelow Co., New Haven, Ct. 

When used for stationary purposes the tubes in these 
boilers are generally of larger diameter than those em- 
ployed in the locomotive boiler, as there is much less 
draught and less call for great quantities of steam at 
high pressure. 

Double-deck plain cylindrical boilers are simply two 
plain cylindrical shells — the larger placed vertically above 
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Fia. 12a.— BIgelow Locomotive Portable Boiler and Engine Combined. 
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the smaller — united by short tubes or water legs, as 
shown in Fig. 13a. A modification of this boiler is the 
*^ Elephant^' or French boiler, or as it is called in France, 
where it was first introduced, " Chaudiere k Bouilleurs^^ 
— boiler with heaters. Though popular in France and 
elsewhere in Europe, this boiler has not come into 
general use; it is uncommon in England and rarely 
found in this country. Fig. 14fl shows the general 
arrangement of this boiler. It consists of one large 
cylindrical shell with hemispherical ends connected with 
two or three smaller cylinders or ^* heaters^^ by means of 
vertical water tubes or legs as in the double-deck boilers. 

The heated gases pass to the rear under the heaters, 
which are separated from the main cylinder by brick- 
work, then, traversing a side flue, they pass to the front 
over the brick- work and under the large boiler, and 
finally returning by another side flue enter the chimney. 

Besides the greater extent of heating surface in the 
French boiler over the ordinary plain cylindrical type, 
another advantage is that the large cylinder is not 
exposed to the intense heat of the fire nor to the sudden 
dangerous and unequal contractions which are apt to 
occur in a large heated shell when subject to change of 
temperature, which necessarily happens when the furnace 
door is opened. The heaters, being smaller, are not so 
liable to injury from this cause ; and if from other 
causes occasion should require, they can be readily 
repaired or even replaced. 

This feature of employing cylinders of small diameter 
for heaters in direct contact with the fire renders the 
boiler more safe under high pressures, and also allows 
the use of a lighter boiler, as thinner metal can be em- 
ployed for the smaller diameters for a given pressure. 

By increasing the number of small heaters and using 
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tubes instead of riyeted shells, the water-tube boiler has 
gradually evolved from the French boiler. 

Some of the earlier forms of this boiler^ owing to 
meagre facilities for making good joints^ and also^ it is 
true^ to faulty design^ did not meet with that success 
which was anticipated by their makers. N^umerous 
leaky joints, poor facilities for cleaning, and lack of 
attention which led to several bad explosions, caused 
this so-called safety boiler to be looked upon with 
suspicion 

During the past twenty years, however, improved 
designs and better constructions have largely dissipated 
this distrust, and these boilers are now extensively used 
both in this country and abroad. 

Its efficient circulation, its economy of fuel, its acces- 
sibility for cleaning, its freedom for expansion, and, 
above all, its safety from disastrous explosion, are 
features which will undoubtedly destine this form of 
boiler to come into still greater use. The Howard, 
Belleville, Babcock & Wilcox, Root, Dickerson, Perkins, 
Moore, Heine, and others are among the well-known 
makes of this t)rpe. 

The Babcock and Wilcox boiler, shown in Fig. 15a, 
is composed of wrought-iron tubes, placed in an inclined 
position and connected with each other and with a 
horizontial steam and water drum by vertical passages 
at each end, while a cast-iron mud-drum connects the 
tubes at the rear and lowest point in the boiler. The 
method of securing the end connections with the 
tubes is shown in Fig. 16a. These end connections are 
in one piece for each vertical row of tubes, and are of 
such form that the tubes are ^^ staggered. ^^ The holes 
are cast tapering, and the tubes expanded in by the use 
of a tube expander, but are not beaded over, the section" 
thus formed being connected to the drum and also ' 
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the mud-drum by short vertical tubes. The openings 
for cleaning opposite the end of each tube are closed 
by hand-hole plates— the metallic surfaces being milled 




Fig. 15a.— Babcock and Wilcox Boiler. 

to insure perfect contact — ^and are secured by clamps 
and bolts as shown in sectional view. 

The Heine, a more recent form of water-tube boiler, is 
represented in Figs. 17a and ISa. This boiler consists of 
an upper shell B, Fig. 18a, two water-legs C, C, and 
the water-tubes 7\ Near each end of the shell it is cut 
away, making an opening about one quarter of the cir- 
cumference in length by thirteen inches in width ; at 
these openings are attached the water-legs, of an approx- 
imately square shape, somewhat wider than the diameter 
of the steam-drum. The tubes extend from water-leg to 
water-leg, into the inner sheets of which they are rolled or 
expanded. Opposite each tube, in the outer sheet is 
placed a hand-hole, large enough to insert or withdraw a 
tube in case of renewals. Each hand-hole is closed from 
the inside with a hand-hole plate, which, by an ingenious 
device for locking, can be removed in a short time, when 
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necessary to inspect or clean the tube. A mnd-drnm D 
is suspended in the steam-drum, and is entirely sur- 
rounded by the boiling water. The feed-water is intro- 




End View of 
Header. 



Fio. 16a.— Partial Vertical Section of Babcock & 
Wilcox Boiler. 



duced through the front head of steam-drum by the 
pipe F entering the mud-drum ; becoming heated as it 
flows to the rear of mud-drum, it there deposits its sedi- 
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ment^ which is blown ofE through the blow-off pipe JV, 
while the clear water flows over the sides of mud-drum, 
which is open on top. Light firebrick tiles, resting on 
the upper and lower rows of tubes, form flues around 
the tubes, which are thus suspended in the heated gases. 




The wet steam rising from the upper ends of the tubes 
through the front leg is deflected from the outlet-pipe, 
so that only dry steam passes over the deflection-plate 
and enters the perforated dry-pipe. 
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The various forms of vertical boilers with chimneys or 
flues passing through the steam-space may be described 
as modifications of the Cornish type placed on end. 




Fig. 19a.— Vertical Tabular Boiler. 



Although this form may be generally regarded as the 
most wasteful of fuel, its simplicity of construction, its 
convenience of working, the small ground-space occu- 



INTRODtTCTORY. 



20rt 



pied, ana its being self-contained, are leatures which 
render the vertical boiler especially adaptable and indis- 




FiG. 20a.— Vertical Boiler with Submerged Head. 

pensable to the wants of a large class of steam users. 
Fig. 19a represents a common form of vertical bo 
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Fia. 21a.— Shapley Sparkless Boiler. 
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with tubes extending from fire-box to the upper head, 
thus passing through the steam-space — a feature which 
is not to be recommended in boilers carrying high 
pressures, unless the tubes are of sufficiently small 
diameter to resist the collapsing pressure to which they 
are subjected. Besides this, the steam-space is dimin- 
ished by these tubes passing through it, and their upper 
ends are liable to injury from overheating when rapid 
firing is employed. 

A better form is given in Fig. 20a, which shows the 
upper ends of the tubes below the water-level, thus ob- 
viating the disadvantages above referred to. 

The Shapley sparkless boiler, illustrated in Fig. 21a, 
represents what might be called a return-flue vertical 
boiler. It is made in two sections, the upper one of 
which is principally a reservoir for steam. The lower 
section contains the fire-box, connected at its upper end 
by short horizontal tubes to an annular space, which is, 
in turn, connected with the base-flue by vertical tubes 
passing through the water-space. Besides giving a large 
combustion-chamber, this form of boiler is very durable 
on account of the crown-sheet and tubes being so far 
from the intense heat of the fire ; then, too, the whole of 
the surface having contact with the fire or heat, is cov- 
ered by water, which increases the heating surface and at 
the same time lessens its liability to injury from over- 
heating. 

The base is so constructed that it can be partially 
filled with water, which must necessarily receive and 
quench any sparks that may be carried over — a feature 
very desirable in certain localities. 

A peculiar form of vertical boiler, lately introduced, 
of the water-tube type is externally fired and commonly 
known as the "Porcupine^' boiler. Fig. 22a. 

This boiler, made by the Hazleton Co., consists of a 
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central stand-pipe (about three feet in diameter for two 
hundred horse-power boiler), which rests upon a circular 
cast-iron foundation-plate — that portion of the stand-pipe 







Fig. 22a.— Hazleton Boiler. 



below the grate-bars forming the mud-drum, into which 
a man-hole is placed affording ready facility for cleaning 
and examination. 
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The stand-pipe above the furnace is provided with 
radial horizontal tubes (four inches in diameter and two 
and a half feet long for two hundred horse-power boiler), 
one end of each tube being open, the other closed, forming 
a hemispherical end. The open end is expanded into the 
stand-pipe, while the other, extending radially to within 
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Fig. 23a.— Harrison Boiler. 



a short distance of the inner surface of the brick-work 
enclosure of the boiler, is free to expand and contract 
without strain. By a series of small pipes arranged in 
the steam-space, provision is. made for drying the steam 
before it passes into the supply-pipe, thus preventing 
what is known as '* priming^^ or carrying water over into 
the steam-cylinder. 
Among the many miscellaneous forms of boiler which 
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are not modifications of any of the preceding types, the 
Harrison is one of the best known and most successful. 

This boiler. Fig. 23a, briefly described, consists of a 
number of hollow spheres, termed units, made of cast- 
iron ; these units have machined and scraped faces which 
are bolted together iron to iron, thus forming sections or 
slabs, a number of which are suspended vertically, side 
by side, from an iron frame-work, and are joined at tho 
extreme top and bottom by suitable connections form- 
ing steam and water passages. This whole structure is 
then surrounded by brick-work, forming the furnace 
and combustion-chamber. 

As can be seen, this boiler, being composed of sectional 
units, is essentially a safety boiler, and it is this feature, 
probably more than any other, that has brought it into 
the position it now occupies as a steam-generator. 




Fio. 24a.— Harrison Units. 



The annexed figure shows the arrangement of two- 
ball and four-ball units, with their caps and the form of 
joint used in the Qongtruction of the slabs. 
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Other miscellaneous forms are represented by the 
Firmenich — a combination of water-tubes arranged in 
the form of a vertical triangle, having the fire within 
the base, the whole being enclosed in suitable brick-work. 

Then there is the Latta boiler, consisting of a nest of 
coiled tubes suspended in the furnace and surrounded by 
a double shell between which is a water and steam space. 
This boiler is largely used in steam fire-engines, and is 
as efficient for its purpose as any form that could be 
adopted. 
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Fia. 25a.— Field Tubes. 

A modification of this form is found in the HerreshofiE 
coil boiler, as used in steam-yachts built by the Herres- 
hoff Co. This consists of a continuous double coil of 
welded pipe arranged spirally in the shape of a cone, or 
rather a bee-hive, forming the sides and top of a com- 
bustion-chamber within an outer shell containing the 
fire-box. Another fire-engine boiler which has proT 
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very successful is the Silsby. This boiler consists of an 
outer vertical shell and a cylindrical fire-box, from the 
crown-sheet of which depend a number of "Field^s'' 
tubes into the furnace. The crown-sheet is also con- 
nected to top of boiler by numerous fire-tubes for the 
passage of the heated gases. Fig. 25a illustrates the 
construction and use of the Field tubes. 

The outer tube, which is expanded into the crown- 
sheet, is closed at its lower end, and has an inner tube 
suspended from its upper end. As the outer tube is 
surrounded by the intense heat of the furnace, steam is 
generated very quickly and a rapid circulation is main- 
tained — the water passing down the inner and up the 
outer tubes. 

Many other examples of different forms might be 
profitably given as showing what has been done in the 
construction of boilers, but it is believed that the fore- 
going selections will be sufficient to give the reader 
a clear and concise idea of the development of steam- 
boilers and a conversant familiarity with the more com- 
mon modern types. 
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CHAPTER 11. 

STRENOTH OF OTUNDSB, SPHERE, AND FLAT SURFACES. 

In analysing the various forms of boiler shells, they are found 
to resolve themselves into the cylinder, oval, sphere, cambered 
and flat surfaces. 

THB CYLINDER. 

According to the well known law of hydrostatics, the pres- 
sure of steam in a close vessel is exerted equally in all 
directions. In acting against the circumference of a cylinder, 
the pressure must therefore be regarded as radiating from 
the axis, and exerting a uniform teusional strain through- 
out the enclosiug material Its tendency to cause longi- 
tudinal rupture, or to rend the cylinder in linea parallel 
to its axis, may be considered as a force acting and react- 
ing in opposite directions to divide the cylinder in two. 
As it must be exerted on equal areas in order that the ftction 
and reaction may be equal, this divellant force may be con- 
sidered as the pressure exerted on the semi-circumference, and 
tending to rupture the cylinder in a plane drawn through the 
diameter. It follows, however, from the pressure acting 
equally in all directions, that the whole amount exerted on the 
semi-circumference is not equally effective in producing strain 
perpendicular to the diameter through which the cylinder may 
be asstuned to rend. 

If we examine the force tending to cause rupture through 
the horizontal diameter A B. (fig. 1), we shall find the pres* 
Bure is exerted directly upwards and downwards only along the 
vertical diameter CD. As we recedv right and left from this 
lino, the pressure is exerted diagonally with diminishiug verti- 
cal effect, to produce tension at A. and B., until it vanishes 
altogether when we reach these points. The radial pressure 
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at any point may be resolved into two forces, the one 
TerUcal and the other horizontal. It is evident th« 
Utter has no tensioual effect at A B. By taking the com- 
ponent vertical forces at an infinite number of points in the 
semi-drcumference^ it can be proved that their sum is equal 
to the full pressure exerted on a line equal in length to the 
diameter. 

We may consider the cylinder as composed of a number of 
rings of a unit's length, say 1", placed side by side, each of 
which resists the pressure independently of the rest. 

Let AO B D represent such a ring, and let P = pressure 
per square inch ; flc y, a very small portion of the circumference, 

and a the angle it makes 



Fig. 1. 




with A B. The pressure ex- 
erted upon X y, along the 
radius which passes through 
its centre, will be P X « y. 
If we decompose this force, 
the vertical component will 
be represented by P X x y 
X cosin. a ; but x y x cos. 
a is equal to the projection 
& 6 of the arc x y on the 
diameter A B. The vertical 
component will then be equal 
to P X & &) and the sum of 
all the vertical components 
will be P X A B. 

Hence the force tending to rupture the cylinder longitudinally 
is represented by multiplying the diameter by the pressure on 
each unit of surface. As this applies only to a cylinder of a 
unit's length, it is evident that the total amount of force 
tending to divide the cylinder in lines parallel to its axis i^ 
found by multiplying the above product by the length of the 
cylinder. The practical truth of this has been proved by 
experiment. 

The retaining force opposed to this pressure is evidently the 
resistance of the material at the two opposite sides which bear 
the strain. 

The manner in which the strain is borne by the material 
depends greatly on its thickness. When this is considerable, 
compared with the diameter, as in hydraulic presses and 
€annon, the inner layers of the material are more savereiy 



THE CTLINDEB. 9 

taxed tban those on the outside. This difference may be sq 
great that the latter render no material assistance to the 
former. If we take two straight bars of the same material and 
section, but of different leugths. and submit them to the same 
tensile strain, they will be stretched, within certain limits, in 
proportion to their length. Suppose a bar 1 foot long is 
stretched ^ inch by a given weight, then a similar bar 10 foet 
long would be elongated 1 inch by a simQar weight, the exten- 
sion being simply a factor of the length.* In a cylinder, say 
of 3 inches diameter and 2| inches thick, we may consider the 
thickness as divided into ^-inch layers. The inner layer will 
have a mean length of about 11 inches, whilst the outer one 
will be about 23^ inches long. Suppose the material just 
capable of bearing an elongation of -/j^ inch per foot, then the 
inside layer would be damaged by an internal force that would 
•expand the cylinder -^ inch in diameter, whilst the outside 
layer would he stretched only to about one-half its tensile 
limit, being twice as long as the other. From this it may be 
eeen how any increase in thickness beyond a certain degree 
may not add to the strength of the cylinder. The thickness of 
boiler shells and tubes is, however, so small compared with 
their diameter, that the tension from the radial pressure may 
be regarded as being uniformly distributed throughout the 
material, the whole section thus acting together to resist the 
strain. 

The strength of the cylinder to resist transverse pressure is 
therefore proportionate to the thickness, aud is represented by 
the tenacity or tensile strength of the material multiplied by 
the section on both sides, or twice the thickness multiplied by 
^he length. 

At the moment of rupture, this retaining force is equal to 
the bursting pressure. 

Kepresenting the pressure in lbs. per square inch by P, 
the diameter in inches by D, the length by L, the thickness of 

• From the results of some tests of wrought-iron bars, Sir W. 
Fairbaim erroneously deduces a rule which makes it appear that the 
rate of elongation increases with the decrease of length. ^ On approaching 
the breaking strain, a bar of good iron of uniform section always draws 
out considerably at and near the point of fracture. The amount of this 
local elongation, provided it be free to act, is independent of the length of 
the bar, and consequently, the ratio it bears to the total length increases 
as the length of the bar decreases. This fact has evidently been over- 
looked, and is apparently the cause of the error which has been generally 
accepted until indicated by Mr. Kirkaldy. 

' B 3 
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the material iu inches by T, and its tensile strength by e we 
have at the point of rupture 

PDLsr2TLc 

The factor L can be suppressed, and the equation stands— 
PD = 2Tc 

2o 

In calculating the strength, it is usual to consider the length 
as unity. The correctness of this is here shown, the extra 
pressure due to increased length being balanced by a propor- 
tionate increase of material. 

Although the length does not affect the strength of a cylia- 
drical boiler Tvith respect to the action of the internal pressure 
per sCf we shall afterwards find that the length is an important 
condition when the expansion and contraction of the boiler on 
its seating are regarded as elements of weakness. 

From the foregoing considerations, it is obvious that the 
strength of a cylindrical boiler to resist longitudinal rupture is in 
direct ratio to the thickness and tenacity of the material, and 
inversely as the diameter and the pressure. Speaking theoreti- 
cally, and assuming the material of a cylinder to be of perfectly 
uniform strength throughout, it would be uniformly stretched, 
and its diameter increased by sufficient pressure. On reaching 
the bursting point it should give way all round its circumference 
at the same instant — in fact, be " blown to atoms.'' Of course 
this argument is entirely hypothetical In practice there are 
always one or more lines of less resistance through \vhich the 
fractures pass, leaving the rest of the material comparatively 
intact 

The tendency of the uniform radial pressure is to maintain 
the perfect circularity of the cylinder and to restore this form 
when it is departed from. Should tho cylinder be somewhat 
oval, the two opposite sides at the extremities of the minor 
a:iis, having a greater pressure against them, will have a 
tendency to bulge outwards until their resistance becomes equal 
to that of the rest of the circumference. 

This equilibrium of pressure and reiistanoe can only be main- 
tained when the circumference is perfectly circular. 
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In a shell of wrought iron, the perfect circularity cannot be 
obtained when the plates overlap longitudinally. In this case 
the deviation from the accurate circle is usually but trifling, and 
the weakness caused by the lap is rather to bn attributed to the 
unequal distribution of the strain through the plates at tho 
joint, than to the deviation from the circular form. 

In A cylinder made with flat ends, the strength imparted by 
these renders it less liable to stretch at the extremities than at 
mid-length. Such a cylinder has thus a tendency, under in- 
ternal pressure, to assume the form of a barrel 

Assuming the material to be sufficiently pliable, like india- 
rubber, and able to bear sufficient sti etching, the sides would be 
further curved, and the spherical form be eventually attained by 
sufficiently increasing the pressure. 

In very short cylinders, the ends pluy an important part in 
increasing the resistance to bursting longitudinally ; and where 
the length does not exceed the diameter, the strength approaches 
that of a sphere. In practice, however, local weakness arising 
from various causes — such as corrosion of plates and rivet heads, 
flaws, &G. — ^may lead to failure, against which the aid from the 
ends cannot be counted upon. 

Again, in oval shaped boilers, the end plates assist materially 
in maintaining the shape against the tendency to become 
circular under internal pressure. Since the aid lent by the ends 
diminishes as the distance from these increases, an oval boiler is 
most liable to change of form at mid length. 

In consequence of their tendency to alteration of shape under 
pressure, it is almost impossible to give any rules for the strength 
of elliptical boilers, as their resistance varies vrith every change 
of shape, according to very complicated laws. 

We have now to consider the strength of a cylinder to resist 
bursting in a plane perpendicular to its axis. The force tending 
to divide it transversely by separating two contiguous rings ia 
evidently the amount of pressure exerted against the two ends 
which^may be represented by the area of the cylinder molti- 
tiplied by the pressure per square unit of surface, or 



Px 



4 



The resistance opposed by the cylinder to this longitudinal 
force is measured by the tenacity of the material and th^ 
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amount brought into play to withstaad the pressure. This is 
evidently the whole circular section of the cylinder, and a» the 
strain acts directly, the whole tensile resistance of the material 
is exerted. . The strength is therefore expressed by the area 
of the annular section multiplied by the tenacity of the material, 
or r T (T + D) c, when rupture is about to take place the 
bursting force and resistance are equal, therefore, 

T—1 = 7rT(T + D)c, 



P» = T(|..), 



T 
neglecting — , which is usually small^ we get 

4c 
As the formula for the longitudinal strength is 

2c ' 

on comparing these two formulfo we see that with the same 
Intemul pressure, diameter, and thickness of shell, a cylindrical 
boiler is twice as strong transversely as longitudinally. 

It must not, however, be concluded from this that a cylin- 
drical boiler is always more liable to burst from longitudinal 
thau from transverse weakness. Many explosions occur from 
the latter source, the cause of which we shall consider fully 
when treating of the wear and tear of boilers. 

It may be here observed that in most experiments on the 
tenacity of metals, the material is not subjected to any lateral 
strain, whereas in a cylinder under internal pressure the meta! 
is strained both longitudinally and transversely at the same 
time. The question then arises whether this circumstance has 
any influence on the strength of the material, and whether we 
are justified in taking the direct tensile strength in calculating 
the resistance of a cylinder. This question has long been set 
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at rest by the direct experimexiis of Navier on wronght-iron 
spheres, as well as by long experience with boilers at work, 
which show conclusively that the strength of tho metal is not 
affected when it is strained simultaueonsly in all directions, 
and the resistance is the same as when the stretching is ex- 
erted ill one direction only. 

A table of the strength of wrought-iron boiler shells of dif- 
ferent dimensions is given at page 311. 

A cylinder or tube in resisting external fluid pressure may 
be considered as an arch. As the pressure is exerted equally 
all round the circumference, the figure, in order to resist it 
uniformly, should be similar to itself all round, and therefore 
a circle. Speaking theoretically, if the circular form be per- 
fect, and the resistance of the material quite uniform through- 
out, the tendency of the pressure will be to diminish the dia- 
meter by compression. On its compressive strength being ex- 
ceeded, it will depend on the nature of the material and other 
conditions, whether the thickness of the' cylinder will increase 
in proportion as the diameter is diminished, or whether the 
material will also be forced out at right angles to the pres- 
sure against it, thus lengthening the cylinder. 

The force against any two opposite sides tending to close 
them together by forcing out the rest of the circumference at 
right angles will be exactly balanced by the resisting force ex- 
erted here, and the whole pressure and resistance will be in 
equilibrio at all points of the circumference. 

Should, however, the figure and material of the cylinder not 
be perfect, which is always the case in practice, and more espe« 
cially in tubes of considerable diameter compared with the 
thickness, the equilibrium is destroyed, and the tendency of 
external pressure is to aggravate any deviation from the circular 
form and consequently to cause coUapse by excessive pressure. 
The collapsed cylinder may assume various shapes, depending 
upon the original form and want of uniformity of strength in 
the material. 

It has been shown that the strength of a cylinder to resist 
internal pressure was not affected by its length, when we disre- 
gard the extra strength imparted by the ends. But it is other- 
wise with a cylinder exposed to external pressure, its power of 
resistance being materially influenced by its length. 

The important part played by the length of a cylinder in re- 
sisting external pressure is not generally understood ; in fact, 
until a few years ago, it was altogether unknown, and was only 
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ascertained by experiment. When we bear in mind that the 
tendency of internal pressure is to rectify any deviatioii from 
the circular form, whereas external pressure tends to aggravate 
any distortion, it can be clearly seen where the analogy of the 
two cases fails in considering the effect of the length upon the 
power of resistance. Were the cylinder under external pres- 
sure theoretically uniform both with respect to material and 
shape, the length would not affect its power of resistance if we 
disregard any additional strength lent by end attachmejits, which, 
however, in this case would exercise only a limited influence. 
Such a theoretical cylinder is self-supporting with respect to the 
pressure. But on the least departure from the shape on which 
this self-supporting principle depends, it is evident that the a» 
distance of the end attachment is very material in maintaining 
the form of the tube. 

The value of this assistance will decrease as the distance 
from the ends increases. Hence the surface of an irregular 
cylinder or oval tube may be regarded as a beam supported at 
both ends, having the load uniformly distributed. The strength 
of the tube must therefore be dependent on the laws which 
govern the strength of beams. Any strip of a unit's width 
taken for estimating the strength must, however, be regarded as 
a beam of undefined section, in consequence of the strength 
imparted by the arched form, and the material on either side. 

The rule usually employed for the strength of cylindrical 
tubes, subject to external pressure, is deduced from the results 
of a valuable series of experiments conducted by Sir W. Fair- 
bairn, and given in the second series of his " Useful Informa- 
tion for Engineers." It is as follows : — 

P = 806,300 X !— (1) 

LD 

a convenient modification being 

P= 33-61 xii^|!^ (2) 

Fur facility of calculation it may be written, 

Log. P = 1-5265 + 2-19 log. 100 k — log. L D. 
Here P = collapsing pressure per square inch. 
Jc = thickness of tube in inches. 
L = length of tube in feet. 
D = diameter of tube in inches. 
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The folio wii)g Viimbera usually required for K*"" may be 
aaef ol : — 
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Instead of the 2*19 povrer, the square of the thickoesfl ia 
usually taken as being bufficiently correct for practice. This, 
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it may be remarked, gives a hi|;her collapsing pressure, the 
tliickness being always in fractions of an inch for boiler tubes. 
For ordinary lap-joiuted tubes, the nquare of the thickness gives 
a result nearer the collapsing pressure, found by experience with 
boilers in use. It must, however, be observed that the experi- 
ments referred to were made with tubes of a length not ex- 
ceeding 15 diameters. Theoretically speaking, when this pro- 
portion of length to diameter is exceeded, the collapsing pres- 
sure given by the rule is too high. This objection applies, 
practically, to small solid-rolled wrought-iron and brass tubes. 
But when the tubes are made up of courses of plates, tho 
lap or butt joints at the ring seams become an element of 
strength, the tube being virtually divided by these into so many- 
short lengths. These transverse joints only require to be made 
sufficiently strong, in order to render the distance between them 
the actual length by which the collapsing strength is to be 
measured. The most important result of this fact is the power 
it gives us of reducing the thickness of the plates, without 
diminishing the diameter or total length of the tube. 

Bearing in mind that the strength is impaired by any devia- 
tion from the true circle, it is obvious that the employment of 
the lap joint for the longitudinal seams must have an injurious 
effect on the resisting power of a tube. 

In the experiments referred to, two tubes were tested, 37 inches 
long, 9'' diameter, and i'' thick, one having single riveted lap 
joints, and the other butt joints, with a single strip at the longitu- 
dinal seams. The results showed a loss of more than one third 
in strength of the former, as compared with the latter, the ratio 
being 7 : 10 nearly. We then see how seriously the collapsing 
strength of even a short tube, only four times the diameter in 
length, is impaired by a departure of -^^ih. of the diameter from 
the circular form, and the necessity of welding or butting the 
plates when great strength is required. In practice, however, 
the longitudinal seams of furnace tubes are usually arranged to 
break joint in successive courses of plates. This arrangement, 
together with the increase of strength due to the lap at the ring 
seams, appears from experience to bring the collapsing strength 
fully up to that given by the formula, 

p 8 06,300 U' .«. 

in cases whero tho circularity is not departed from to a groatef 
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extent than twice the thickness of the plates oompoung th^ 
tube. (See thote on page 313.) 

When the plates are arranged so that their length in a longi- 
tudinal direction is short and the longitudinal seams break 
joint, the weakness of the irregular cylinder is not so likely to 
be in line, and the tube is therefore stronger than when the 
plates are narrow and arranged lengthwise along the tube with 
th« seams in lino from end to end. For this reason the latter 
arrangement should not be employed unless the tube has a 
large margin of strength^ and in such a case it is better in cal- 
culating the collapsing pressure to use the 2*19 power of the 
thickness of plate. 

The difficulty of maintaining the cylindrical form increases 
with the diminution of the ratio which the diameter of the tube 
bears to the thickness. This is not taken into account in the 
formula ; but experience proves that it need not be regarded 
when the diameter does not exceed 150 times the thickness. 

In order to show that the rule for the strength deduced from 
his experiments on tubes of limited size holds good for tubes of 
greater length and diameter, Fairbaim records some experi- 
ments on a large scale with two boilers 35 feet and 26 feet long, 
the tubes being in both cases 3' 6" diameter, and composed of 
|- plates. The 3 5 -foot tube collapsed with 97 lbs., and the 
25-foot tube with 127 lbs. per square inch. By formula (1), 
these pressures should have been respectively 64 lbs. and 
89 lbs. By using the square of the thickness as in formula (3), 
these figures would stand 78 lbs. and 109 lbs., which accords 
more closely with the results of the experiments. 

In actual work, the form of a horizontal furnace tube if 
probably somewhat distorted by the heat, which is greater on 
the top than on the bottom. The effect of expansion by heat 
on a loaded arch resting on its abutments will be to increase its 
height ; but it will depend upon the original shape of an ordi- 
nary cylindrical tube pressed externally all round its circum- 
ference, whether the effect of the heat acting on its crown will 
cause an increase of diameter vertically or horizontally. The 
application of heat to the flattened crown of a slightly oval 
furnace tube would tend to restore the circular form were the 
tube not under pressure. But the effect will be altered when 
it is pressed all round. The heat will now farther aid the 
pressure to increase the distortion by forcing out the sides. 
Should, on the other hand, the flatness be in the sides, the 
beat will tend still farther to increap.e the height cf the crown, 
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and BO again add to the distortion. The question then arises, 
whether the direction of the elliptical form has any inflaence on 
the strength of a horizontal furnace tube. There can be little 
doubt that the tube is considerably weaker when the smaller 
diameter is vertical than when it is lateral, probably owing to 
the fact, that the resistance to longitudinal expansion offered by 
the end plates tends to flatten the crown, at the same time the 
heat renders the plates most pliable and susceptible to the in- 
fluence of the pressure when the crown is flattened. In addition 
to this, the pressure due to the displacement of the water 
being greatest on the under side, its effects will be more felt 
when the tube is flattened yertictilly, than when the flattening 
occurs laterally. 

In elliptical tubes the resistance to flattening varies inversely 
as the largest radius of the curvature. The weakness of sach 
tubes was clearly shown in Fairbairn's experiments. A tube 
14" X 10^" diameter, 5 feet long and ^ inch thick, collapsed 
with 6 '5 lbs. pressure, another tnbe 20|- inch x 15^ inch 
diameter, 5 feet 1 inch long and i inch thick collapsed at 1 27^ lbs. 
per square inch. These results show that the general formula 
applies sufficiently correctly to elliptical tubes by substituting 
for D the diameter of the larger circle of curvature in the tube, 

2 L^ 

or D = where L and S are respectively the major and minor 

S 

axes of the ellipse. 

The comparative weakness of cylindrical tubes under ex- 
ternal pressure will be seen from what has been stated above, 
and the formulae given are sufficient data to enable us to find 
an expression for the maximum length of a cylindrical tnbe 
having a collapsing strength equal to the bursting strength of 
any given diameter of boiler. 

Taking the strength of a single riveted joint as 26,340 lbs. 
= c ; |> = internal or bursting pressure ; K = thickness : 
D s diameter and inches ; L = length iu feet, we hav» 

62,680 K 

p = — ^^ — ; 



whore P = external or collapsing pressure, we have 

^ _ 806,300 X K^ 
^ DL 
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Galling R the ratio of boiler iabe diameter to shell diameter, 

▼6 get, 

p ~ 16-3 X k: 

when P = p, we have 

J _ 16-3 X K 

Taking a Cornish boiler of { plates, having a tube one-half the 
diameter of shell : 

L = 15-3 X -375 X 2 = 11-47 feet. 

Thus we see that the boiler in th^ case should not exceed 
11^ feet in length to be equally strong in shell and tube. As 
the former will not be impaired by lengthening, we have only to 
make the latt€r in 11^ feet lengths, in order to preserve an 
equality of strength in tube and shell, having their diameters 
in the ratio of 1 : 2, whatever length the boiler may be. 
A table of collapsing pressures is given on page 314 



THE SPHERE. 

From what has already been stated concerning the action of 
steam pressure in a close vessel, it will readily be seen that in 
order to resist the pressure throughout its whole surface in an 
equal manner, the containing vessel must be similar to itself in 
all its parts. This property is possessed only by the sphere, 
which renders it the best of all forms for resisting internal 
pressure. 

To the sphere also belongs the property of containing the 
greatest volume within a given amount of surface, and owing to 
this the internal fluid pressure tends to make any containing 
surface assume the spherical form. 

By employing a modification of the reasoning we used in 
demonstrating that the internal pressure tending to rupture a 
cylinder in lines parallel to its axis is to be measured by the 
diameter, and not by the semi- circumference of the cylinder, 
we should find that the internal pressure tends to burst a 
sphere through the largest plane we can draw through it, and is 
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to be measured by the area of its diameter, and not by that of 
the hemisphere. The divelleut force can therefore be repre- 
sented by the formula, 

The resistance opposed to this force is that due to the tensile 
strength of the material multiplied by the area of its section 
in the circumference of the sphere and can be expressed by 

irT(T + D)c; 

when rupture u about to take place these two formuLs must be 
equal, therefore 

!15!5=xT(T+ D)e, 

4 

whence we get, as at page 12 

T- PD 

T7' 

the same expression that we obtained for the transverse strength 
of a cylinder. The sphere therefore is twice as strong as a 
cylinder of the same thickness and diameter is longitudinally. 

The relative strengths of the sphere and cylinder may be con- 
sidered in another manner : — taking the diameter of a sphere as 
unity, its circumference is 3*14159, and area 0*7^854. A 
cylinder of the same diameter and equal sectional area must h? 
•7864 long. The sum of the two sides is, therefore, 1'5708, 
or half the circumference of the sphere, and therefore only 
half as strong. This, of course, leaves out of consideration the 
strength imparted by the ends which, however, cannot be 
counted upon when the cylinder is long in proportion to the 
diameter. 

In a cylindrical boiler of uniform thickness throughout, with 
hemispherical ends, the strength of these, being portions of a 
sphere of the s^ime diameter as the boiler, is evidently equal to 
that of a cylinder of equal diameter to resist transverse rupture, 
and twice as great as the strength in a longitudinal direction. 
It is clear, then, that the ends of this form are unnecessarily 
strong compared with the cylindrical portion of the boiler in its 
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power to resist loDgitudinal rupture, by \vhich the strengtli of 
the boiler is measured. 

By making the ends cambered to a radius equal to the 
diameter of the cylinder, their strength will be equsd to that of 
the shell, as they will then be portions of a sphere haying a 
diameter double that of the cylindrical barrel By this means 
we employ the least amount of material consistent with ade« 
qnate strength. 

In diminishing the camber of the ends, the amount of 
material to resist being torn asunder decreases less napidly 
than the tensile force exerted upon it. The tensile strength of 
the ends is therefore increased by flattening, although theit 
resistance to bulging is reduced. Their efficiency in strengthen- 
ing the cylindrical portion of the barrel will be farther increased 
as the amount of camber is reduced. But as the cylinder 
should be sufficiently strong of itself, the ends are not required 
to aid it, and should be designed simply with a view to resist 
bulging outwards by the pressure. 

The manner in which a cambered end plate resists bidging 
is, perhaps, best understood by regarding it as a portion of the 
sphere to which it belongs. The radial pressure in this case 
tends to maintain the form of the segment as well as if it were 
a whole sphere, and the plate will fail by bulging only on ex- 
ceeding what would be the tensile strength of the material in 
the sphere. The amoimt of pressure sufficient to accomplish 
this may be safely taken as that which would burst the sphere 
of which the segment forms a part. It foUows, therefore, that 
the relative strengths of a dished or cambered end and a 
cylindrical barrel are found by comparing the radius of the 
camber with the diameter of the cylinder. 

The sphere possesses one property for a boiler, and likewise 
also the cylinder, yet in a less degree, not often noticed, but the 
value of which cannot be over estimated, viz., the facility with 
which it expands on the application of heat to one portion of 
the surface, and with which it accommodates itself alike to the 
heat and the pressure without throwing any severe thrust or 
strain to cause leakage or fracture on the surrounding parts 
that may be comparatively cool. 

FLAT SUEPACBg. 

Advantage is usually taken of the self-supporting property 
of the cylinder and sphere in constructing parts of boilers 
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having tliese forms, which cDablcs them in most oases io bo 
made sufficiently strong, without the aid of stays, ties, or 
other support. But the absence of this self-sustaining pro*^ 
perty in flat surfaces necessitates their being strengthened by 
stays or other means. 

Even where a flat or slightly dished surface possesses suffi- 
cient strength to resist actual rupture, it is yet, generally 
speaking, necessary to apply stays, to provide against undue 
deflection or distortion, which is liable to take~ place to an in- 
convenient degree, or to result in grooving long before the 
strength of the plates or their attachments is seriously taxed. 

The theoretical investigation of the strength of plane sur- 
faces, such as the flat end of a cylinder, is attended with con- 
siderable difficulty, and cannot be satisfactorily pursued with- 
out the aid of the higher mathematics. 

The formula given by Professor Rankino for the strength of 
a flat circular plate of the diameter D, and supported all round 
the edge with the load uniformly distributed, is equivalent to 
the following expression, where 

P = Bursting pressure per square inch in lbs., 
D = diameter of cylinder in inches, 
t = thickness of end plate in inches, 
c = breaking weight of the material in lbs., 

P D« ttD c D <3 
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Whence t = ^/ZxL?. 
^ 2 2c 

Now, taking T as the thickness of the cylinder that resists 
longitudinal rupture under the same conditions of pressure as 
the flat end plate, we had above, 

~"2"c* 

Therefore * = -y/ — x T, 
We have hero assumed the factor c to be the same quantity 
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for a tensile and a cross breaking strain, which we ean safely do 
in such a case as we are considering. 

The last formula shows the monstrous thiokness it would be 
required to give the unstayed flat end of a cylindrical boiler 
in order to make it equally strong with the sheJL For a boiler 
only 3 feet diameter and of {" plates, single riveted, the solid 
end plate would require to be about 2* thick to comply with 
this condition. It is obvious, therefore, that for boilers of 
ordinary diameter, the flat ends, if of moderate thickness, require 
to be well strengthened by stays or ribs. 

When longitudinal tie rods are employed as stays, the L or 
T irons securing them to the end plates are usually arranged 
horizontally. Gusset stays are usually arranged in planes 
radiating from the axis of the boiler. The best arrangement 
for T iron stiffening ribs will depend upon the design of the 
boiler. Each series of longitudinal stays bears the pressure 
against a rectangular portion of the flat end, and each gusset 
stay sustains the pressure against a sector of the circular area. 

The flat surface between two series of stays may be considered 
as a rectangular beam, fixed at the ends, and uniformly loaded, 
and its strength calculated accordingly, the tendency of the pres- 
sure being to split the plate up the middle between the stays. 

If we disregard the strength imparted by the end attach- 
ments, we may employ the usual formula for the strength of 
such beams, as follows : — 

Where w = distributed brealdng weight, 

I = width of plate between side supports, in inches, 
h = length of plate in inches, 
d = thickness of plate, 

= modulus of rupture = 54,000 for wrought iron, 
P = pressure in lbs. per square inch. 
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The same formula may be used for estimating the strength 
of flat surfaces stayed by bolts, such as the sides of locomotive fire 
boxes, &c. Tables for the strength of stayed surfaces, calculated 
by this formula,, are given in the chapter on *^ Construction." 



CHAPTER III. 

PROPERTIES AND CHARACTER OF BOILER MATERIAI^. 
OAST laoN. 

Cast ibon is the name given to a material, whose physical 
properties may vary through a wide range of brittleness, hard- 
ness, and tenacity. It is sometimes fouad so brittle as to be 
almost incapable of being worked ; at other times it is found, 
or rather was once to be found, exhibiting such toughness as 
to render it capable of being chipped by a chifsel or bent by 
pressure equally as well as many inferior specimens of material 
now sold as wrought iron. 

That cast-iron is unsuited for boiler making no farther 
evidence is required than the fact of its almost total rejection 
for this purpose after having had a fair trial. STet, despite 
the unanimous acceptance of its condemnatioiiL, it must be 
allowed that it possesses advantages which, considered in the 
abstract, appear to render it the most eligible of the scanty 
stock of materials from which the boiler-maker has to make 
his selection. 

Its low first cost, combined with facilities of working, place 
it in the first rank of constructive materials, and probably led 
to its being largely used for boiler making in the early days 
of steam engineering. In its power to resist wasting on 
exposure to the action of fiame in a boiler furnace, or to the 
atmosphere when in contact with moisture, it is superior, if oj 
$\dtahU quality y to wrought iron, and also in its power of resisting 
the corrosive action of the feed water and of acids found in the 
products of combustion. 

Inferior strength alone can scarcely be regarded as a bar to 
its employment in vessels for resisting pressure, when we con- 
eider that the strength of a structure like a steam boiler 
depends as much on its size and form as on iho actual strength 
of the material. The employment of cast iron to bear great 
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pi«flBares in our water mains, hydraulic pressea, and oannoii, 
proves that low teosile strength alone would not prevent its 
adoption for boiler making, as any disadvantage on that score 
would be outweighed by its constructive and other advan- 
tages. 

As an instance that the breaking strength alone of a material 
is no test of its eligibility for sustaining high steam pressures, 
it may be mentioned that the employment of copper for flat 
surfaces in locomotive fire boxes meets with great favour in 
this country, in spite of its being in that form the least 
adapted of all boiler making materials for resisting pressure. 
Everything in this instance is sacrificed to malleability, 
ductility, and high thermal conducting power. By proportioning 
their diameters in the ratio of their tensile strength, cast and 
wrought iron cylinders or spheres can be made of equal strength, 
with the same thickness of metal The difference between the 
strengths of cast and wrought iron vessels in the form best 
adapted to the constructive properties of each, is by no means 
BO great as it may at first sight appear. With single riveting 
we can not take the strength of ordinary plates at more than 
12 tons per square inch at the joints. The tensile strength 
of cast iron being about 6 tons, and having no seams or 
other necessary loss of strength, it follows that a sphere 
ef cast iron is equally as strong as a cylinder of wrought 
iron single riveted of the same diameter and thickness. 
But when both materials aro used in the same form to 
resist tensile strain, the greater thickness that must be given 
to cast iron, in consequence of its inferior tenacity, raises 
its cost to that of wrought iron, the price of* the materials 
being in proportion to their cohesive strength in the finished 
structure. 

In seeking, then, for some other cause than the inferior 
tenacity to account for the rejection of cast iron, in spite of its 
numerous advantages, we shall find that the strong feeling 
which, notwithstanding strenuous individual efforts to remove 
it, exists against its employment for boiler purposes, must be 
ascribed to its brittle and treacherous nature. 

Besides the uncertainty of strength caused by defective 
moulding, and the unequal tension on different parts of the 
same piece, usually ascribed to obscure causes in the process of 
casting and cooling, a very slight hidden or surface defect, in an 
otherwise sound casting, is sometimes sufficient to lead to a sudden 
and extensive fracture. Moreover, cast iron, in breaking, seldom 
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gives warning by indication of weaknesfi, such as usually precedes 
the failure of wrought-iron structures. The risk attending its 
use in large masses, in consequence of its treacherous nature, is 
greatly aggravated when the material is subject to the strains 
caused by sudden and unequal expansion and contraction con- 
sequent upon the sudden and extreme variations of temperature 
it is exposed to when employed for vessels to raise steam in. 
To this cause must the rejection of cast iron be ascribed, together 
with the dread of the disastrous effects that would probably 
result from the explosion of a cast-iron boiler containing a large 
body of highly heated water, which would probably be similar 
to those resulting from the bursting of an explosive shell. 
When wrought-iron boilers explode, large masses of plate 
usually hold together, and tend to mitigate the effects of the 
explosion. 

It is only when these two causes act conjointly, vi&y (1), 
un trust worthiness of the material when exposed to trying 
trains, and (2), dread of explosion when the material contains a 
large body of highly-heated water, that cast iron is deemed 
unsuitable for boiler making, as may be seen from the following 
considerations : — 

1. In order to mitigate the disastrous effect that would ensue 
from the sudden liberation of a considerable volume of water at a 
very high temperature, on the bursting of a large vessel, various 
types of cast-iron ''sectional'' boilers have been introduced. 
Being composed of many small pieces, either spherical or cylin- 
drical, it is held by the advocates of these boilers that in the 
event of one portion suddenly giving way the explosion would 
be confined to a single segment, and its effects would be insignifi- 
cant, as the hot steam and water would be gradually discharged. 
J t is for this reason that cast-iron boilers of this class, although 
subject to the same variations of temperature as ordinary steam 
generators, are employed without anxiety. It may be remarked 
that the unequal straining, and consequent liability to fracture, 
is much less in small than in large vessels. 

2. There are some cast-iron boilers, with wrought-iron internal 
flues, whose rupture would suddenly liberate a sufficiently largo 
quantity of heated water to cause a very disastrous explosion ; 
yet these are worked without fear of bursting, as they are not 
exposed to sudden variations of temperature, the furnaces being 
in the internal tubes. In such boilers, however, there will be a 
marked difference of temperature between the top of the shell 
and the bottom, especially when starting the boiler afiresb 
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ftfter filling with cold water, which must strain them oon« 
siderably. 

3. When not entering into the construction of the boiler 
itself, cast iron is almost invariably used, except with marine 
boilers, for pipes to carry the steam to the engine cylinders at 
the full boiler pressure. These cylinders being of cast iron are 
very often of larger diameter than boilers it would rightly be 
deemed foolhardy to make of the same material, and to work at 
the same pressure. This apparent inconsistency admits of 
ready explanation. In the engine cylinder the heat is, oom- 
paratively speaking, uniformly distributed. There are wanting 
the fire and currents of cold air through the furnace-doors and 
bars to render the material untrustworthy ; and when the 
cylinder does happen to burst — ^by no means a rare occurrence— 
the quantity of water present, although often the actual cause 
of fracture, is so small, and at so low a temperature, as to 
render the effects of the bursting comparatively harmless under 
ordinary circumstances. 

A large cylindrical vessel placed horizontally, with a fierce 
fire acting on the under side, and but moderately heated above, 
would be severely strained by the unequal expansion. A brittle 
and unyielding substance like cast iron would certainly not 
stand such a test without injury. 

In order to bear a high temperature without fear of fracture 
a large cylinder of cast iron should be heated equally all round 
its circumference, yet not necessarily along its entire length if 
the application and withdrawal of heat be gradual, and if the 
vessel be free to expand and contract uniformly. Such a 
cyUnder is therefore less adapted for a horizontal than for a . 
vertical position. The vertical arrangement for large cast-iron 
cylindrical boilers with external firing was formerly used. lU 
abandonment was probably due to the small amount of heatiug 
surface this arrangement afforded. In order to increase the 
extent of this surface the obvious method is to diminish the 
diameter and increase the number of cylinders to receive the 
heat, producing at the same time a stronger and more efiScient 
boiler. This has recently been done, and boilers composed of 
vertical cast-iron pipes 4 inches or 6 inches in diameter are at 
present employed and worked at pressures as high as 80 lbs. 
or901bik 

The diflSculty, or rather, inexpediency of repairing the vessel 
by patching is another reason for making cast-iron boilers and 
similar structures in small segments, the replacing of a defective 

o 2 
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poi-tioQ being by this means attended with the least sacrifioe of 
materiaL 

It is BometioQes asserted that cast iron does not become 
covered with incrustation so readily as wrought iron or copper. 
However true this may be in the case of cast-iron Bphere?, 
where the coating, if sufficiently thick and brittle, may be 
cracked off by the inequality of expansion between itself and 
the metal, it is certainly not the case with respect to cast-iron 
pipes, which become thickly coated over with a scale that defies 
removal when bad feed- water is used. 

Seeing that the prevaiUog types of wrought-iron boilers 
liaving krge cylindrical shells are such aa we could not venture 
to make of cast iron, and that, at the same time, cast iron can 
be safely used in certain other arrangements, the question may 
arise whether the prevailing type of boiler is the cause or the 
effect of the rejection of cast iron in favour of wrought iron for 
boiler makiug. If, on the one hand, facilities of cleaniug, and 
examination, and repaira, as well as an economical fuel con- 
sumption, render the present boiler of large section superior to 
any other form, the abandonment of cast iion would certainly 
follow. But if, on the other hand, the untrustworthy nature 
or other adverse proporty of cast iron in any form whatever 
resulted in its rejection in favour of wrought iron, the effect 
would be, without further consideration of economy, the 
adoption of the prevailing types as being the most suitable for 
constructing of wrought-iron plates. 

There can be little doubt the latter conclusion is the correct 
one. The difficulty of making good steam-tight joints when 
wrought iron first came largely into use for boiler making, would 
Df itself preclude the use of cast iron in small segments, the only 
shape in which it can be safely employed. 

At the present day the increased facilities for making strong 
seamless wrought-iron tubes of various sizes will exercise con- 
siderable influence on the design of the boiler of the future, and 
probably, to some extent, indirectly lead the way to the larger 
introduction of cast-iron segmental boilers. 

Of late years the employment of cast iron in connection with 
boilers has been chiefly confined to the larger descriptions of 
mountifigs and seatings, and to steam domes and chambers, 
For the former it will doubtless long continue to be used, as it 
here possesses advantages superior to all the other materials, 
except brass, whose price, however, will prevent it from eves 
being largely used for land boilera. 
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In the employment of oast iron for boiler monntmgs caro 
should be taken that it is not placed where sudden variations oi 
temperature are likely to occur. When used for steam domes 
and pipes of large diameter a large margin of safety should be 
provided, and castings of these descriptions should always be 
carefully tested by hydraulic pressure, to gaard against insidious 
defects and errors that but too frequently occur in the foundry, 
and which it is impossible to detect by any ordinary optic or 
acoustic tests. 

No better example of the treacherous nature of sound cast 
iron can be given than the fatal explosions of steam stop-valves 
that have occurred in frosty weather through opening the valve 
and allowing the steam to enter suddenly from the upper 
portion iuto the lower containing water at a low tempe- 
rature, which has caused the cast-iron valve casing to crack 
like glass, from the unequal expansion, and to be violently 
blown about, with as low a pressure as 10 lbs. above the atmo- 
sphere. 

The above is one reason, amongst others, why a range of 
steam pipes should always be arranged or provided with means 
to drain the water from condensation away from the end where 
the steam enters. 

When a certain amount of strength is required in a casting, 
it is ususd to specify the mixtures by giving the name 3 and 
proportions of the pig-iron to be used. The most satisfactory 
course, however, is to specify the tests the metal must be 
capable of standing, and allow the founder to choose his 
own mixtures, which will vary considerably in diflFerent dis- 
tricts. 

With regard to judging the quality of the iron by an inspec- 
tion of the fracture, this is by no means a simple matter, as the 
appearance of good iron is found to vary widely in different 
localities. Such defects, however, as honeycombing and chills, 
arising from want of care or skill in moulding and running the 
metal, and the presence of particles of graphite, showing a 
defect in the mixing, are unmistakable. 

The strongest irons are of a light grey colour, without much 
lustre, close grained, and sometimes mottled. Others exhibit a 
somewhat fibrous or jagged surface, of light colour, and when 
closely examined are found to be close grained. On the othet 
hand, a blackish or bluish grey, with large loose grains, 
and having generally * shiny appearance, indicates iuferi'*- 
tenacity. 
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The Buperiority of copper for boiler making, when comparad 
with wrought iron, consists in the uniformity and homogeneity 
of its texture, freedom from lamination and blisters, and in its 
general trustworthy character when well selected ; in its great re- 
sistance to oxydising influences and the corrosive action of many 
descriptions of feed water ; in the manner in which it resists 
the tenacious adhesion of most kinds of incrustation ; in its 
great ductility and malleability, which render it capable of being 
worked with great ease and of bearing sudden as well as oft' 
repeated racking strains : in its being a better conductor of heat, 
which not only tends to give it a higher evaporative power 
under favourable circumstances, but also enables it to last 
longer when exposed to a fierce wasting heat in a boiler 
furnace. 

Before the rolling of sound wrought-iron plates in largo 
quantities was attended with the certainty of recent years, 
copper was rightly considered the most eligible and trustworthy 
material for steam boiler shells, and was so used to some 
extent, but owing to its high price and inferior tensile strength 
its employment for this purpose has long been abandoned in 
favour of wrought iron and steel. But for its high price, its 
non-liability to suffer from the action of some descriptions 
of corrosive feed water and consequent durability would, doubt- 
less, in many cases outweigh any objections on the score of 
inferior tenacity. In judging of the comparative cost, it must 
not be forgotten that old copper will average a price of £66 per 
ton, whilst old iron will not fetch more than £5 on an average, 
being respectively two-thirds and one-third their price when 
new. 

The softness of copper when used in a comparatively pure 
state has been found to render it unfit to resist the abrasion it 
is subject to when used for the tubes of coal and coke-burning 
boilers, for which purpose its facility of manufacture at one 
time especially recommended it. 

The use of copper in boiler construction is now almost re- 
stricted to the fire-boxes and stays of locomotive boilers. Not- 
withstanding its weakness to resist pressure when employed in 
a flat surface, especially in a furnace, its high heat-conducting 
power and ductility are considered, in this country at least, 
to render it more suitable than wrought iron or steel, for 
bearing the intense heat and unequal strains of a locomotive 
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furnace. Id America^ and, to a great extent, on the eon« 
tinent, iron plates of half the thickness are saccesafullj used 
instead. 

There can be little doubt that the quality of copper has 
deteriorated of late years, much of it being now of a compara- 
tively hard and brittle quality. 

One adverse property possessed by copper, in which it pre- 
sents a marked contrast to iron and steel, is the great diminution 
of its tensile and transverse strengths at moderately high tem- 
peratures. From numerous experiments undertaken by the 
Franklin Institute in America, it was found that, taking a 
temperature of 82^ Fahrenheit as a standard, every increment of 
heat caused a diminution of tenacity in copper plates. Thus a 
cold strip capable of carrying 10,000 lbs. was only capable of 
carrying 7,500 lbs. when heated to a temperature of 600°, and 
at 1200% a visible red heat in daylight, no more than about a 
tenth part of the strength remained. 

Table of Diminution of Strength of Copper Boiler Plates ujhefh 
heated. Their standard strength at 32° being 32,S00 lbs. 
per square inch. 





Temperature 


Diminution 




Temperature 


Dtminutiou 




above 32". 


of Strength. 




above 32°. 


of Strength. 


1 


90" 


0-0175 


9 


660° 


0-3425 


2 


180 


0-0540 


10 


769 


0-4398 


3 


270 


0-0926 


11 


812 


0-4944 


i 


360 


0-1513 


12 


880 


0-5581 


5 


456 


0-2046 


13 


989 


0-6691 


6 


460 


0-2133 


14 


1000 


0-6741 


7 


513 


0-2446 


15 


1200 


0-8861 


8 


532 


0-2558 


16 


1300 


1-000 



From the above it is seen that in being heated from the 
freezing point to the boiling point of water, copper loses 5 per 
cent, of its strength*; at 550° it loses about one quarter of it« 
strength, and at 1832° loses all its tenacity, becoming a viscid, 
granular, soft, incoherent mass, although it does not actually 
melt until it reaches nearly 2000°. 
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Wrought iron is the material which, for the last forty years, 
has been by far the most extensively used for boiler making. 
The reason for this is not far to seek, and has been partially 
indicated in discussing the constructive merits of cast iron. 
The great tensile strength of good wrought iron, together with 
its ductility, power of bearing sudden and trying strains, and 
general trustworthy nature, its moderate facilities of working, 
the ease with which it can be welded, riveted, patched or 
mended, its moderate first cast compared with that of copper, 
are all important advantages which contribute to its value and 
the deservedly high esteem in which it is held for the con- 
struction of vessels exposed to the ever varying and trying 
strains that steam boilers have necessarily to bear. 

As it is mainly in the form of plates that this material enters 
largely into the construction of the prevailing types of boilers, 
we will at present confine ourselves to it in this form, leaving 
the not less important consideration of its strength and behaviour 
as bar iron when used for stays and angle irons to be subse- 
quently dealt with. 

Wrought-iron plates, it is well known, are manufactured of 
different qualities, ranging from the badly refined, coarse, brittle 
and uncertain material sometimes sold as ship plate, through 
various medium qualities to the valuable " Best Yorkshire " 
plates, so justly prized above all others for boiler making. 

In consequence of competition and lowering of prices we 
often find boilers made of inferior material that scarcely deserves 
the name of wrought iron, the result being annoyance, pecu- 
niary loss in the long run, and frequently fatal disaster. It 
would, indeed, be well if it were unnecessary to say that plates 
of ship quality should never enter into the construction of 
boilers, on account of the risk to life and property that always 
attends their use. 

For a long time the " Best Best " and " Treble Best " Staf- 
fordshire plates have deservedly been in great request for bciler 
making. Formerly, when the production of these plates wm 
confined to the locality whence they derive their name, and to the 
surrounding district, they could be generally trusted as being of 
good ductile iron, and well adapted for all the processes in 
boiler making. Although Stafibrdshire plates of excellent and 
reliable quality are still abundantly manufactured, those of so- 
"^led '* Stafibrdshire quality'' cannot at the present time be 
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SO generally relied upon, and care should be exercised in their 
selection. They are made in different parts of the country, 
their properties depending in great measure upon the nature 
of the ores and fuel found in the districts where they are pro« 
iuced. 

Experience has shown that the plates from mills where only 
superior qualities are made, are more trustworthy than those 
turned out by the mills where all classes of plates are made, 
from the so-called " Low Moor quality " down to the veriest 
ship plates. Instances of apparent caprice are not uncommon 
where the inferior brands prove to be equal to, and even 
better than, what are sold as the superior brands from the sam« 
works. 

When great pressures and a small factor of safety are em- 
ployed, or when the plates are exposed to very trying condi- 
tions, we cannot be too careful in the selection, and it is really 
a matter for congratulation that trustworthy plates are still to 
be obtained, and that makers are to be found who have been 
able to hold aloof from the reduction of prices, and at the same 
time reduction of quality, so general of late years. The most 
prominent among these are the so-called *^ Best Yorkshire'' 
houses,* who only turn out one class of iron, and that the very 
best (if we except some of the Swedish and Russian brands). 
Their plates are as trustworthy in their character as can well 
be, and so highly are they esteemed that their employment is 
generally understood to absolve the boiler-maker from blame, in 
the event of failure from defect of material. 

These plates are not more commonly used solely on account 
of their high price ; and there is good reason to believe 
they will be able to hold their own in price until steel plates 
of an equally reliable and certain quality can be largely pro- 
duced. 

The use of the same brand by different makers, but for 
different qualities of plate, and the diversity in the names of the 
brands employed by numerous manufacturers throughout the 
country, are misleading and have been productive of much 
misunderstanding and annoyance. The " Crown " plates of 
one house may be of fair boiler-quality, whilst the same brand 

• The best Yorkshire houses are : — The Low Moor Iron Works, near 
Bradford; Taylor, Brothers & Co., Leeds; Bowling Iron Co., near Brad- 
ford ; Faraley Iron Co., near Leeds; S. T. Cooper & Co., Leeds; and 
The Monk Bridge Iron Co., Leeds. The other firms who make only 
**Be8t iforkshire " iron do not roll plates. 

a 9 
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of another house are only of abip quality, and not intended by 
the manufacturers for boiler- making at all, yet are unwittingly 
purchased by boiler-makers who have been in the habit of using 
" Crown " plates. The " Best Scrap *' plates of one maker will 
be found to be of second quality, and only equal to the " Best 
Best " plates of another house, whose " Best Scrap " are equal to 
the "Best Best Best'* of a third house. Some makers' 
" Best Best " plates are equal to the " Treble Best '' of another 
house in the same district. As a rule, the price that any 
given brand commands in the market is the only criterion of 
its quality ; and even this guide is not infallible, and is apt to 
mislead in a fluctuating market. It would be a great boon to 
boiler-makers and others who have to do with plates if some 
uniform system of branding them according to their quality 
could be agreed upon by those makers who roll three or four 
different qualities ; and if each plate were stamped on both 
sides with its brand, date, and the maker's name. A few makers, 
in imitation of the '* Best Yorkshire " houses, in branding their 
highest quality plates, do not denote the quality, but simply use 
a name or device, and rely upon the reputation of their plates 
for a sale. 

The first quality to be sought for in a boiler plate is strength. 
This does not necessarily imply the mere power to resist being 
torn asunder by a dead weight, as in a testing machine, but the 
quality to withstand, without injury, the many and varying 
shocks and strains it is exposed to in the boiler yard and in 
actual work. 

Many inferior plates exhibit as great a cohesive strength as 
those of better quality, their inferiority consisting in their 
brittleuess or shortness, want of " body " or soundness, im- 
perfect manufacture, and uncertain character or quality. Tough- 
ness and ductility combined with great tenacity, and also 
closeness and uniformity of texture and constancy of quality, 
are the properties and character to be sought for, and which 
are only to be found in the best brands. 

The strength and quality of a plate are taxed in many ways. 
In the hands of the boiler maker and smith it may have to 
nndergo the various processes of repeated heating and cooling, 
hammering hot and cold, bending, twisting, flanging, welding, 
and punching. Inferior qualities of plate cannot always be 
relied upon to bear the on leal of repeated heating and coolino. 
as they often warp and twist, or waste away in a curious 
manner, show defects of manufacture, and prove unworkable^ 
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Some piatea of otherwise fair quality will not bear hammering 
when red hot, a defect usually ascribed to the chemieal pro* 
pertiea of the iron. In the process of cold bending in the rolls, 
especiaUy to a small radius, minute fractures sometimes occur 
on the outer surface of the plates of stubborn but fair quality. 
These are most frequently seen when the plates are bent across 
the grain, and doubts sometimes arise as to the depth the 
fractures penetrate into the body of the iron. Cracks in the 
scale adhering to the plates are sometimes erroneously taken for 
the fractures here referred to. 

The manner in which a plate will bear flanging outwardly, 
whereby the fibres are either stretched or separated, as the plate 
is flanged across or along the grain, is generally considered the 
best test of its soundness and quality. It is certain that none 
of the inferior brands will stand this test with any degree of 
certainty. Those of somewhat better quality that bear flanging 
inwardly may, with care and skill, be made to stand outward 
flanging ; but they cannot be depended upon. Plates of 
moderate quality may also bo successfully welded if skilfully 
treated ; yet, to ensure success, only very good or first-rate 
brands should be chosen where flanging, dishing, or welding 
is required. The effect of punching on plates of different 
qualities will be discussed in the chapter on riveted work. 

The defect most commonly revealed in working boiler piatea 
is lamination, from which plates even of the very best brands 
are not always free. This defect arises from the imperfect 
welding of the several layers which make up the thickness of 
the plate, and is usually caused by interposed sand or cinder 
which has not been expelled in the hammering and rolling dur- 
ing the process of manufacture. It is more frequent in thick 
than in thin plates, and is sometimes very difficult to detect in 
the new cold plate, although often discernible in the hot slab. 
It often happens that plates, which are passed as quite sound 
on careful external examination, are found to be severely lami- 
nated when subjected to heating and hammering, and prove 
totally unfit for working. 

Blisters are of a similar nature, and arise from the same cause 
as lamination. Sometimes they appear as mere surface defects, 
and are of no consequence ; but their appearance may be an 
indication of the want of care or skill in the making of the 
plate, and is sure to excite suspicion. At other times the blister 
runs from the surface far into the body of the plate, and its 
area may be measured by feet. It frequently happens that 
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theso defecU pass undetected through the closest gcrutiii^ 
and test by hammering, but disclose themselves soon after the 
boiler is set to work, especially if the plate be exposed to sudden 
variations of temperature. When a blister does not run out to 
the surface or edge, it will possibly never be detected, unless it 
{s subject to alternate heating and cooling, as in a furnace-plate, 
where the great heat on one side, compared with that on the 
other, will sooner or later take effect ; and even here it may 
be years before it bursts open. In the plates over the firegrate 
of an externally- £red boiler, such a blister may prove a very 
serious defect^ calling for the immediate replacement of the 
plate, cutting out and patching in such a case being but a 
penny-wise proceeding. 

After quitting the boiler-maker's hands, the test of e very-day 
work will render manifest a wide difference in the behaviour of 
plates of various qualities. Inferior brands of brittle and badly 
refined iron will rapidly show unmistakable signs of weakness, 
if placed under the trying ordeal of bearing the alternate im- 
pingement of a fierce flame and currents of cold air. The 
rapid variations of temperature caused by the sudden and 
frequent openings of the furnace door and leakage of cold air 
at the fire bars and bridge will tell, sooner or later, on any kind 
of iron, but much more quickly on brittle than tough qualities. 

On the delivery of a batch of boiler-plates from the maker's, 
the name and brand of quality on each plate should be ascer- 
tained, and care should be subsequently taken to keep the brand 
on the outside of the shell, or on the fire side of the furnace- 
tube, in a position where it can be afterwards readily discovered. 
Each plate should be gauged, or, still better, weighed, in order 
\o ascertain the exact thickness, the comparison of which with 
the extent of departure from specification allowed to the maker 
will determine whether the plates are to be accepted or rejected. 
Each plate should then be examined on its sides and edges for 
surface defects, such as flaws, blisters, lamination, or marks and 
indentations caused by want of care in the rolling, the discovery 
of which may justify the rejection of the plate. In order to 
test its internal soundness, it should be marked off with a 
chalked line into squares of four or six inches, and conveniently 
suspended or supported on edge, to be tapped all over with a 
light hammer. Where solid the blows cause a sharp riuging 
sound ; but a dull heavy sound indicates the presence of lami- 
nation or other defects. Both sides of the plate should be thus 
tested. Should any doubt arise as to the soundness by thia 
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acoustic test, the plate should be prepared for further testing by 
supportiDg it horizontally on two edge?, or still better, at its 
four comers, and strewing the upper surface with fine sand. 
The doubtful portions being then lightly tapped on the under 
side, the sand will be thrown off by the vibration, if the plate 
be sound ; but if laminated the sand will remain stationary. 
Tet all ordinary methods of testing may fail to detect hidden 
internal defects, which may reveal themselves as soon as the 
plate is operated upon at the forge, or possibly not until the 
plate has been some time in use in the boiler. What is wanted 
is some magnetic or similar test, such as that proposed by 
Captain Sazeby, which, however, must be reliable and capable 
of easy application. 

In cutting the plate from the slab some specifications require 
that a distance of from 2 " to 4' shall be left from the nearest 
defect or cracks at the edge. The plates are also sometimes 
ordered sufticiently large to admit of a test-strip being cut off, 
in order to ascertain the quality and tenacity by breaking. 

All plates of the very best quality having a longitudinal 
tenacity of 24 tons per square inch of section, and an ultimate 
elongation of about 12 per cent., and not exceeding one inch 
in thickness, should bend double along or across the fibre when 
red hot. 

'^ Best Best '' plates one inch thick and under, having a 
longitudinal tenacity of 21 tons, and an ultimate elongation of 
about 7 per cent., should admit of being bent hot, without 
fracture, lengthways to 130% and crossways to 100^ 

For the cold forge test plates of the very best quality, ^y 
inch thick and under, should bend double without fracture. 

Good boiler plates should bend cold, without fracture^ to the 
following angles : — 



rhiekness. 


Along. 


Across. 


Thickness. 


Along. 


ACTOM. 


1 1" 


15' 


7* 


r 


55'* 


25« 


I i 


20 


10 


70 


35 
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80 


15 
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80 


45 


§ 


40 


20 


90 


55 



The radius of the comer over which tHe plates are bent 
should not exceed half an inck The angle to which the 
plates can be bent without fracture will depend greatly upon the 
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skill of the smith who heats aud operates upon them. A plate 
that will bear the test with a number of sharp light blows^ will 
often fail when a heavy hammer is used. By striking the 
plate along its surface it can be successf ally bent to a much 
greater angle than when the blows are dealt perpendicularly to 
the surface. The plate will also stand the bending much better 
if it is performed uniformly along its whole width. 

Kivets and bars for boiler work are seldom tested for their 
tensile strength, but their quality is usually ascertained by forge 
tests. A good rivet, cold, will bend double without fracture. 
The head of a good rivet should flatten out, by hammering 
when hot, to about -J inch thick, without fracture or fraying 
at the edge. A hot rivet-shank or bar of iron, when flattened 
down to a thickness equal to about one-half its diameter, should 
bear a punch driven through it without fracture at the hole. 

There has been no lack of experiments to ascertain the tensile 
strength of wronght-iron plates of different qualities, and of 
ordinary thickness. Many of these are, however, not accom- 
panied with sufficient information to make them of much value. 
The results of Mr. Kirkaldy's experiments on plates and bare 
are in many respects the most reliable and valuablo yet recorded. 
These verify the commonly received opinion that good boiler 
plates may be considered as having an average tensile strength 
per square inch of section of 21 tons along the fibre, the strength 
being generally about ten per cent, less across the fibre. The 
strength of Best Yorkshire plates may be taken at 24 tons 
along the fibre, and 22 tons across. 

The strength of round and square bars is superior to that of 
plates of equal quality, the superiority being most marked in 
iron of inferior brands. This circumstance is usually ascribed 
to the increased amount of rolling the bars undergo. Taking 
Mr. Kirkaldy's experiments as our guide, we find that ordinary 
birs, so far as their tensile strength is concerned, are more on 
an equality with " Best Yorkshire "-bars than was found to be 
the case with plates. The average strength of bars may be 
taken at 25 tons per square inch of section. It must not, 
however, be' inferred from this that there is no superiority in 
** Best Yorkshire " and very best Staffordshire bars over those 
of ordinary make. The former are more reliable and uniform 
in quality, and exhibit a superior ductility when compared with 
those of inferior quality, and stand smithing very much better. 

By way of explanation it may be here observed that when a 
plate is broken so that the line of fracture runs parallel with the 
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fibre, it may reasonably be said to be broken along or in the 
direction of the fibre ; and when the fracture is perpendicular 
<» this, across the fibre. This is, however, not the sense in 
tvhich the terms along and across the fibre are usually employed. 
When we speak of a plate being broken in the direction of the 
fibre, we refer to the direction in which the strain is applied to 
produce fracture ; and similarly when speaking of a breakage 
across the fibre. There is then evidently a discordance between 
our modes of expressing the directions of bursting fractures and 
tearing fractures relatively to the strains which produce 
them. 

On breaking a plate or bar of wrought-iron, the fracture 
presents au appearance by which the quality of the iron may in 
some measure be determined. The fracture is designated on 
the one hand as fibrous, tough, fine, silky, close-grained, red- 
short, or on the other hand as crystalline, coarse, open-grained, 
brittle, cold- short. Notwithstanding all that has been written 
concerning the quality and treatment of iron, and their inflaence 
on the appearance of the fracture, first pointed out, I believe, 
by Dr. Percy, and so ably shown by Mr. Kirkaldy, there etill 
exists a great deal of misapprehension on the subject. A wide- 
spread notion prevails that all good wrought-iron should present 
a fibrous appearance ; by this being meant, that when broken, 
no matter how, the fibres should appear drawn out. Now, the 
manner in which the breakage is effected is all important iu 
infiuencing the appearance of the fracture. The best plates or 
bars rolled, as well as the worst admissible for boiler making, if 
broken short oflf or snapped in two, will display a short crys- 
talline fracture, quite even and straight ; but whether it be fine 
or coarse will depend entirely upon the quality of the iron. On 
the other hand, if the iron be gradually torn asunder, it will 
show fibre, the fracture being more or less rugged or irregular, 
and possibly at the same time mixed up with the fibres a small 
amount of crystalline fracture, the fineness or coarseness of the 
whole being an indication of the quality. 

When broken suddenly the best qualities of plate and bar 
exhibit a fine close-grained uniformly crystalline fracture, even 
silky, of a light, silvery colour, the appearance in the harder 
descriptions approaching to that of steel. The appearance 
of indifierently refined and inferior qualities is coarser, usually 
of a darker colour, more or less imeven or open, exhibiting 
large facet?, and approaching some descriptions of cast iron. 
When broken gradually good iron presents a well drawn out 
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close fibre, of light greyish hue, whilst inferior qualities give a 
shorter, more open, and darker fibre. 

A bar or strip of plate can be broken suddenly by a sharp 
blow, >vheu nicked with a chisel all round or on both sides, 
the nicks being made exactly opposite each other. By making 
a slight nick only on one side, and gradually bending the iron 
away from it, the strip will have time for the exercise of its 
ductility, and display abundant fibre. 

It may be here remarked that metal is to be found enjoying 
the name of wrought iron which will tost the ingenuity of any 
one to break it gradually so as to display fibre ; it should be 
needless to add that such rubbish must never be used for boiler 
making. 

"In the case of the fibrous fracture, the threads are drawn 
out and are viewed externally : in the case of the crystalline 
fracture, the threads in clusters are snapped across, and are 
viewed internally or sectionally " (Kirkaldy). 

When old broken boiler-plates exhibit fibre at one side, and 
a crystalline appearance at the other, it is sometimes said that 
one side has deteriorated more than the other ; but the fact 
probably is, that in the act of breaking one side has parted 
gradually, probably by the cross action of the strain, and as the 
section became diminished the other side has parted suddenly. 

When good ductile iron is gradually torn asunder it draws out 
or stretches to a considerable extent, causing a diminution of 
sectional area at the fractured part, which should always be 
compared with the original sectional area of the specimen in 
judging of the quality. An inferior bar or plate may bear 
as great a tensile strain as a similar specimen of superior 
quality,, say 23 tons per square inch of original area, but 
on comparing their fractured areas it will generally appear 
that the latter has been drawn out considerably, and actually 
sustained 30 tons or more per square inch of fractured 
area, whilst the inferior specimen, having stretched but little, 
hr*s not sensibly diminished at the fracture. It is owing to this 
fact that good ductile iron is so much more trustworthy than 
badly refined or cold-short iron where sudden strains occur. 
The one will stretch where the other will snap. 

It is often affirmed that wrought iron changes from fibrous 
to crystalline after enduring long-continued cold-hammering, 
vibration, tension, jarring, and other strains, or after long ex- 
posure to the influence of heat, or alternate expansion and 
contraction when used for the. plates of a boiler-furnace. Even 



WBOUGHT IRON. 41 

the very best plateeu, after from ten to twenty years' use in a boiler, 
have frequently been found to break without stretching, at the 
same time displaying a crystalline fracture. It has been said 
that this indicates a change having taken place in the nature 
of the material, and that from being fibrous and tough it has, 
through some unexplained cause, become crystallised and 
brittle, or that it has lost its nature in consequence of the 
treatment it has undergone, whatever that may have been. Now 
there is no doubt that the strains and other causes mentioned 
have a tendency to make good iron become brittle and liable to 
snap suddenly under the same treatment that would originally 
have torn it gradually, and in so far a change is produced in its 
rature. This snapping, and not the fatigue of the metal, is, 
however, the direct cause of the crystalliue fracture, which is 
but a necessary consequence of the suddenness of the breaking, 
and not a property of the iron itself. To say it snaps readily 
because it has become crystalline is to confound the cause with 
the effect. It is erroneous to say the fibrous nature has passed 
out of the iron, for its ductility can, to some extent at least, be 
restored in most cases by simply heating to a bright red, and 
slowly cooling the iron, or failing that, by hammering or rolling 
it while hot. 

By heating to redness and suddenly cooling a piece of wrought 
iron, it will become liable to snap, producing the same effect as 
cold-hammering. The explanation of this is not obvious. It 
may in both cases be owing to the loosening of the crystals 
into which the composition of the material ultimately resolves 
itself. To this cause may also be attributed the same tendency 
to snap after long-continued jarring, or, alternate expansion 
and contraction. 

The restoration of the toughness by the application of heat 
in such cases, and still more by the application of pressure, 
may be due to the consequent restoration of the crystals to 
their original positions. 

It may be maintained that all boiler-plate worthy of the 
name is fibrous ; whether its hardness makes it liable to snap, 
and therefore appear crystalline, depends on its original charactei 
and the treatment it has undergone. No tine iron can, how- 
ever, by any treatment, except burning, be made to appear 
coarse, and the fibres of the poorer descriptions cannot with- 
out re- working, be made to appear fine and close grained. 

It is from a want of knowledge of the above facts that false 
opinions are so often expressed respecting the qualities of 
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plates. 'Hie following in&tanoe is perhaps not too well known to 
boar repetition. A scientific witness at an inquiry into the 
sause of a boiler explosion, after expressing himself competent 
to distinguish between bad and good iron, was handed three 
broken specimens to examine and pass an opinion upon. 
These he severally pronounced as good, bad, and indifferent. 
They were all cut from the same strip of plate, and artfully 
broken to present different looking fractures, by which the 
witness was deceived. 

It is not unusual to find eminent engineers at inquests and 
inquiries delivering judgement on the quality of iron without 
anything to base their opinion on except the load per square 
inch required to tear the material asunder. 

As it has just been attempted to show, this oan give no true 
indication of the quality of a plate. The precise character of the 
fracture, contraction at broken area compared with original sec- 
tion, together with the shape and temperature of the test-piece, 
direction of strain, and manner in which the breaking load is 
applied, as well as the amount of the load, must all be con- 
sidered. 

If the plate whose quality is in question has been taken 
from an old boiler the age should be known and the position in 
the boiler, along with any other circumstances tending to 
throw light on the nature and amount of the strains to which it 
has been exposed, and which may influence the manner of 
breaking. 

As shown by Mr. Kirkaldy, good ductile iron can be made 
to appear crystalline when pulled asunder in the testing- 
machine simply by confining the minimum sectional area where 
fracture will occur to one point, or to a very short length, 
as by turning a narrow groove in a round bar. By so re- 
ducing the section thft shape is rendered unfavourable for 
drawing out, and the specimen is more liable to snap than 
when the minimum sectional area is uniform for at least five 
01' six inches. 

In all cases where the elongation and reduction of the 
fractured area are lessened by cold rolling, hammering, altering 
the shape of test-piece, or by applying the strain suddenly, the 
breaking load of the material will be increased in proportion 
to the increased area of fracture. 

For much of our knowledge of the variation of strength in 
boiler plates and bars at different temperatures we are indebted 
to the experiments of Sir W, Fairbairn. The annexed 
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tables give the results of these, from which it may be seen that 
from 0° to 400'' Fahr, the tenacity of platen is practically 
nnifonn. The difference between the strength of wrought 
iron and copper at ordinary working temptSraturcs is very striking. 
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The Staffordshire plates employed in these tests do not 
appear to have been of good quality. The maximum strength 
of rivet iron — 39 tons — appeared to be attained at a tempera- 
ture of 320^ This is above the temperature at which the 
mean strength of the plates — 20^ tons — was attained ; little or 
no change is observable in the strength of the plates, whilst that 
of the bars is increased ueaily one-half. 
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Steel is popularly described as iron holding a mid-pot»ition 
between cast and wrought iron with respect to the amount of 
carbon it contains, cast iron having from C to 2 per cent, of 
carbon, steel from 2 to -J per cent. , whilst wrought iron has a 
percentage varying from i to J. 

It is beside the purpose of this work to inquire closely into 
the accuracy of the above description, but it is beyond question 
that the elimination from ordinary cast iron of other ingredients 
besides the surplus amount of carbon is essential for the pro 
dnction of good steel. 

To the intimate chemical union of this medium amount of 
carbon are usually ascribed the remarkable characteristics by 
which the higher classes of steel are distinguished. Whatever 
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ixifliionce the presence of other ingredients may have upon its 
quality, it has been satisfactorily shown that the tensile strength 
of steel is intimately connected with its degree of hardness, and 
both these properties are proportioned to the amount of carbon 
in chemical combination. Up to a certain point, which varies 
with the quality of the material, the tenacity of steel may be 
said to increase with its proportion of carbon. TVith Bessemer 
steel the greatest strength, about 70 tons per square inch, is 
reached when the carbon contained is about 1^ per cent., the 
elongation being then about 2^ per cent. Beyond this degree 
of carbonisation the steel becomes gradually weaker. When 
the contained carbon is about ^ per cent., the breaking weight 
is only about 30 tons per square inch, with an elongation of 
16 per cent. With less than f per cent Bessemer steel will 
not temper, with more than | per cent, it will not weld, and the 
presence of more than 2 per cent, is said to render it useless 
for forging. These amounts, however, vary with the quality 
of the materia], which is influenced by various causes. 

Besides the chemical distinction just mentioned, it is difficult 
to name, without risk of contradiction, a single property 
common to all the various classes of metal that come u uder the 
denomination steel, by which they may be distinguished from 
wrought iron unless it be superior tensile and compressive 
strength combined with greater resilience and a higher limit of 
elasticity, and even in the^e respects the difierence in some 
exceptional cases is not very marked. 

The higher classes of steel, which will harden and temper, 
and even weld in some cases, not being adapted for constructive 
purposes do not call for special comment, and we shall restrict 
ourselves to the discussion of the properties belonging to the 
milder qualities, which alone are fit for boiler making. 

It was probably the high degree of tenacity and ductility 
exhibited by tool and spring steel that first drew attention to 
the advantages offered by this material for constructive pur< 
poses. Its high price, however, long stood in the way of its 
being largely adopted, and this obstacle was only removed by 
the introduction of new methods of manufacture, which can as 
yet be termed improvements only with respect to their com- 
mercial success, and not as affecting the quality of the material. 

According to the mode of manufacture, the material is 
designated crucible cast steel, Bessemer steel, and puddled steel. 
Homogeneous metal is a kind of mild cast steel. The bars 
and plates of this and the two first mentioned descriptions are 
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made from a single ingot ; but in puddled steel they are com- 
posed of many small pieces piled and welded together like 
puddled-irou^ and are consequently liable to the same defects. 

In comparing the properties of steel and iron plates there can 
be no dispute that the nature of the processes employed in the 
production of cast-steel is immensely superior to that employed 
in the manufacture of wrought iron for ensuring a uniform 
texture in the material. Cast-steel plates made from a fluid 
mass run into a single ingot, and well worked under the hammer^ 
are likely to be perfectly homogeneous and free from the im- 
perfect welds and internal defects caused by the presence of 
cinder and slag, found even in the best puddled-iron^ which 
being built up of numerous small pieces, all more or less pro- 
perly welded together, is entirely dependent upon the skill and 
care exercised in its production, for its homogeneity and freedom 
from lamination, blisters and other defects, internal and super- 
ficial. It must, however, be admitted that the homogeneity of 
a bar or plate of cast steel is frequently far less perfect than we 
might expect, and with the best mild steel, although we may 
generally rely upon uniformity of character in any single plate, 
the same uniformity of quality and character nmning through 
a considerable number of plates cannot be generally obtained. 

Notwithstanding its superiority in tensile strength and other 
properties, steel is as yet in comparatively small request for 
boiler-making. The feeling that still prevails against its em- 
ployment cannot be attributed to the existence of any inherent 
defect in the nature of the material, revealed by the trying ordeal 
of actual work in a boiler, as is known to be the case with cast 
iron. No doubt many absurd objections are still heard against 
the employment of steel plat-es, such, for instance, as that it 
expands and contracts to such a degree on the application and 
withdrawal of heat as to render it unfit for boiler furnaces ; 
that on heating it warps and twists so much that it cannot be 
used where the plates require to be worked hot, or that it is 
liable to fracture at any moment without warning and without 
any known cause. 

That there is still a certain amount of treachery in steel 
plates when subject to blows and sudden strains cannot be 
denied, but when closely inquired into the prejudice against 
it appears to have grown out of the distrust caused by the occa« 
sional failure of the hard steel plates employed at the time of 
the introduction of this material for boiler-making and ship- 
building, when its properties were not so well understood as at 
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present The desire to take advantage of their high tensile 
strength led to the employment of plates of so hard a quality as 
we now know could not be otherwise than brittle and untrust- 
worthy. It has been found by experience with diflferent quali- 
ties that in steel plates toughness is incompatible with great 
tensile strength, and these two qualities may be considered aa 
being in the inverse ratio to each other. If we insist upon 
having a tensile strength of 40 tons and upwards, we must 
be prepared to find a steel hard and brittle, and therefore 
not adapted for boiler-making. In order to ensure freedom 
from brittleness, from 33 to 36 tons per square inch appears to 
be the maximum tensile strengt.h that can be allowed. Steel 
plates of this strength can be made sufficiently tough and 
ductile to render them safe and also tolerably easily worked. 
This latter is a most important condition, on which depends in 
no small degree the commercial success of the material for 
boiler-making. 

There can be little doubt that the use of steel for boiler 
plates has been retarded by the want of knowledge of its 
properties and the consequent difficulty sometimes met with in 
working it. The result of this is a disposition on the part of 
the great majority of boiler-makers to avoid using it as much 
as possible. 

Good steel plates, even of the mildest quality, are affected by 
fire in quite a different manner from iron plates. This exer- 
cises an important influence on their behaviour when submitted 
to the operation of flanging and bending at a high temperature. 
In flanging wrought iron it is necessary to heat only a short 
length of the plate at a time, but with steel it is advisable to 
heat a much larger portion of the plate than can be worked by 
the ordinary slow process of flanging at each heating, in order 
to prevent injury. Indeed, it is much better to complete the 
flanging at one or at most two heatings, operating gradually 
to the same degree on the whole extent of the part to be 
flanged. This can, of course, in the majority of cases be done 
only by special machinery, which is now being more extensively 
introduced into boiler-works for the purpose. After such an 
operation is completed, the steel plate cannot be trusted to 
stand rough usage at the part that has been highly heated. It 
is, therefore, advisable to anneal it in order to restore its tough« 
ness. The process of annealing consists in slowly heating the 
plat« to a dull red heat, and allowing it to cool again slowly 
•iud uniformly. Immersion in fine ashes or sand is sometimes 
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adopted for this purpose, but care must be taken that tbe plate 
be not so highly heated when the immersion takes place, as to 
induce a chemical change in its properties when in contact with 
the non-conducting substance. The appearance of the plate 
is sometimes impaired by annealing, and when required to be 
extensively applied the process of annealing becomes an expen* 
give one. 

In working a steel plate cold, care should be taken that there 
are no flaws or cracks, as, except in the veiy mildest qualities, 
they are liable to cause fracture. When bent cold, or subject 
to severe straining or jarring, even a ragged edge has a tendency 
to make the plate snap or break suddenly. This phenomenon 
is also common to the harder and more brittle descriptions of 
wrought iron, but in a less degree. For this reason, in working 
cold or bending cast steel plates, especially if at all hard or 
unannealed, all sharp edges and rags left by punchiug, shearing, 
or chipping should be carefully removed. 

As an instance of the special treatment required by steel, it 
may be mentioned that in hammering down a screwed stay-bolt- 
end of steel, with the thread left on, there is a risk of producing 
foliation, which renders the head liable to snap off. To guard 
against this, it is advisable to turn the thread off the end of the 
stay-bolt, which enables it to be riveted over successfully. 

Respecting the eflfect of punching on steel plates, we have no 
lack of experiments to show how plates of different qualities are 
affected by this process. It may be here remarked that it is 
mostly to the researches of shipbuilders that boiler-makers are in- 
debted for exact experiment-al knowledge of the properties of steel 
plates. One of the principal residts obtained, both from experi- 
ments and experience of the material in actual riveted work, is 
that steel plates of average suitable quality are more injured 
than wrought-iron plates by punching. Koughly speaking, the 
injury is in proportion to their hardness. For this reason most 
makers of steel boilers have abandoned punching iu favour of 
drilling, and with satisfactory results. 

The increased expense of drilling plates for shipbuilding led 
to attempts to discover some means of obviating the injurious 
eflfects of the punch, and annealing was found to restore the 
toughness of the punched oast-steel plate, if not entirely at least 
to some extent. 

Some teats were conducted by Mr. Sharp, of Bolton, on the 
comparative strength of drilled and punched holes, when the 
result was found to be for an average of three trials 49 per cent 
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in favour of drilling. The plates were Bessemer steel -5*^" tliick, 
three being drilled, and three punched with |'' holes at 1-^' 
centres. The average breaking strengths were respectively 
36 '25 tons and 24*33 tons per square inch. 

In some experiments on the strength of punched steel plates, 
conducted by Mr.^ Barnaby, at Chatham, the average ultimate 
strength of 8 unannealed i" plates was found to be but 21 tons 
per square incb, whereas 8 similar plates, after annealing, had 
an average strength of 32f tons, being an increase of about 
65 per cent, or 1 1 j^ tons per square inch. To ensure uniformity 
of quality in the test pieces, eight J* plates were punched with 
four I'' holes, and then cut in two, making two strips from each 
plate for testing, only one of which was annealed. 

The annealed strips showed a much greater uniformity of 
resistance than the others, the ranges of strength being re- 
spectively 5\ tons and 9i tons. The former also bore the usual 
tests of cold bending much better than the latter. 

The clearance of the die has also been found to influenoe the 
strength of the plate after punching. 

Mr. Sharp found, as tbe result of four experiments with 
-^^ holes punched in a i" unannealed plate, that when the 
clearance was -^^"y tantamount to a considerable countersink, 
the plate was 25 per cent, stronger than when the die was only 
^'' larger than the punch. 

Some further experiments recorded by Mr. E. J. Reid, for 
ascertaining to what extent this effect could be relied upon, 
were made with i" Bessemer steel plates punched with -f* holes^ 
Four of the test pieces had -^j^" and four had -^^^ taper in the 
holes. The gain of strength was about 10 per cent, in favour 
of the increased taper. Mr. Keid remarks that much of the 
injury done to Bessemer steel is due to the strain at the under 
side of the hole. Indications of this in minute cracks may be 
detected on close examination. A little increase in clearance 
removes these, and gives the good result above indicated. 

The same authority gives an account of some experiments 
with ^^ puddled steel plates, 2*7 inches broad, having an 
average tensile strength of 31^ tons per square inch length- 
wise, and 27 i tons across the fibre. The average strength both 
ways was about four tons per square inch of uett section less 
for punched than for drilled holes, which were -f" diameter-^ 
equivalent to a removal of nearly i the section of the strips 
tested. 

Further experiments with strips 4^" wide, having two ^y* 
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holeg equal to a removal of rather more than odo quaiier the 
aection, showed a loss of 6 tons per square inch of nett section. 

Some experiments were made with eight strips of \" pud- 
dled steely 4*06 wide, with two ^" holes punched at equal 
distances from each other and the edges of the strip. Four 
of these pieces were annealed after punching, and four 
were not. The results showed there was no gain from 
annealing, exhibiting a marked difference from the Bessemer 
steel in this respect. The tensile strength was 34 and 30| 
tons per square inch along and across the fibre. 

Eight tests with i" crucible cast -steel plates gave an average 
tensile strength of 26 '63 tons lengthwise, and 26*21 tons per 
square inch across the fibre. Similar plates -^'^ thick ex- 
hibited a gain in strength from annealing after being punched. 
The loss of tenacity by punching was, lengthwise and cross- 
wise respectively, 7 and 3f per cent. The gain of annealed 
over unannealed was 14 per cent, lengthwise and 12 per 
cent, crosswise. 

From the above results it will be seen that Bo^semer steel 
in punching sustains a very material amount of injury, and 
should therefore be either drilled or else annealed after the ope- 
ration, when punched. The puddled steel plates experimented 
upon did not t'ufifer so much from punching, nor was their 
strength so fully restored by annealing. 

In consequence of their lower price, steel boiler plates are 
mostly made of Bessemer steel of the mildest quality, but 
ofncible cast steel is also sometimes used. Their tensile 
strength cannot be taken at more than 33 tons and 36 tons 
respectively, or about 57 per cent, and 71 per cent, greater 
than wrought iron, the elongation being from 16 to 25 per 
oent. when the quality is good. A steel boiler-sholl may 
therefore be made of plates at least one- third less in thick- 
ness than a similar shell of wrought iron, to ensure equal 
strength. But the reduction in thickness of the internal 
flues, which are subject to a collapsing pressure, cannot be 
taken in the same proportion. In compressive strength and 
stiffness mild steel is indeed superior to wrought iron (the ratio 
being about the same as for the tenacity) ; but in estimating 
the collapsing pressure of a furnace-tube of ordinary dimensions 
we shall find that, for a given pressure, the thickness cannot 
be reduced more than about one-sixth, if we substitute steel 
for iron, which gives us -^g-" instead of f ' plates. 

In favour of the steel, however, it may be remarked that 
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the wasting caused by the action of the heat ia the furnace ia 
less in thin than in thick plates. For this reason, and also on 
account of the hardness of the steel resisting abrasion better, 
steel plates are more durable than iron. 

Besides the weight saved by using steel, — often a most im- 
portant consideration, — it may be urged that the thinner plates 
will conduct the heat more rapidly, and give a corresponding 
superior evaporative efficiency. This superiority is not, strictly 
speaking, in proportion to the reduction of thickness, the rela- 
tive conducting powers of steel and iron being about 218 and 
244. In the case of an internal flue-tube the gain and loss 
would be about equal. But, as we shall see in the chapter on 
Heating Surfaces, we cannot reckon upon any gain in evapora- 
tive efficiency by using a slightly thinner and better conducting 
material. 

The effects of corrosion on steel boiler plates will be con* 
sidered in its place, along with the wear and tear of boilers. It 
may, however, be here observed that, if the corrosion acts 
equally on both materials, the strength of a thin plate will 
Bufler more proportionately than a thicker one. 

Experiments on the strength of steel riveted joints conducted 
and recorded by Mr. Kirkaldy seem to prove that for the size 
of rivet a greater diameter than double the thickness of the 
plate is required for riveting in steel with plates of the thick- 
ness and great tensile strength of those used in the experiments. 
The plates tested were all y\" thick by 3' broad, having a 
tensile strength of 43;^ tons. Some were in their usual soft 
state, and others were hardened in oil In the former two -^^^ 
rivets failed by {^hearing, and with two -^y rivets the plate was 
torn across in two instances with a loss of 45 *6 and 43 *5 per 
cent, of tenacity compared with the solid plate. This showr 
a loss of strength in the nett section equal to about 7 '2 per 
cent. In the hardened plates -J^" and -^" rivets were sheared 
through. With a load only 16*9 per cent, less than that borne 
by the entire soft plate, the hardened plate cut through one -^^ 
rivet, whilst the other remained good, the plate corner tearing 
off. These experiments, taken together with Fairbairn's on iron 
plates, show that in a single-riveted joint, with the rivets just 
large enough to fail before the plates, the loss of strength bears 
about the same proportion to the strength of the solid plate 
whether the joint be of iron or steel ; also that hot rivets do 
not reduce the strength of the plate, and that the plates hard* 
en«d in oil and joined together with rivets are fully equal in 
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BtreDgth to UD jointed soft plates having the same gross sectional 
area. 

The hardening in oil was found not only to harden, but also 
to considerably toughen the steel. Hardening in water reduced 
the strength. Tn these experiments the breaking weight of the 
rivet steel bar was about 38^ tons per square inch, and the 
mean shearing strength of the rivets in the joint was about 
28^ tons, or 26*2 per cent, less than the tensile strength. 
Respecting the results of these experiments, it may be observed 
that the plates were of harder steel than can be trusted for 
boiler-making, and the gain in strength by hardening in oil was 
probably greater than would be found in using milder steel 
which does not temper. The plates also apx>ear to have been 
considerably stronger than the rivets, which may in some mea- 
sure account for the disproportionately large area it was found 
necessary to allow them. 

Experience has shown that much greater care is required in 
heating steel rivets not to injure them, than is necessary when 
iron rivets are used, and they should be hammered down quickly 
before they have time to cool, and closing up by machine is 
preferable to hand riveting when steel rivets are used. 

The use of any but the mildest steel should be avoided, as 
rivets of high steel sometimes become so hard after closing up 
that it is impossible to remove them when repairs are required. 
This is probably owing to the effect of some chill they receive 
in cooling, as might be caused by the water dropping on them, 
which is sometimes used for keeping the cup cool in machine 
riveting. The heads are readily enough knocked off, but the 
shanks will sometimes resist the hardest drill, necessitating tho 
cutting out of the plates. The heads of steel rivets, if not 
carefully worked, are more liable to fall off than those of iron, 
by jars, careless caulking, or rough usage. 

It is owing to the above difficulties that the use of steel rivets 
lias been altogether given up by some boiler-makers, who prefer 
using iron rivets with steel plates. The usual pitch and 
diameter of livets is in these cases generally adhered to. It is, 
however, advisable to reduce the pitch slightly, and tc use a 
larger number of smaller rivets, to ensure tightness. In wrought- 
iron double-riveted lap joints and double-fished butt joints, 
with either single or double riveting, the strength of the rivets 
is usually in excess of that of the plates up to i" in thickness. 
By using the same size and pitch of rivets with steel plates the 
equality in strength is more nearly attained. 
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Mr. Kirkaldy records two experiments on the strength of 
welded steel bars. The results were very unsatisfactory, one 
bar breaking with a loss of 45 and the other of 59 '6 per cent 
Two other bars parted at the weld during the operation of form* 
ing the heads for testing. As the tensile strength of the uu- 
welded steel bar was about 50^ tons, it would not be eo 
favourable for welding soundly as one of milder steel It is 
consiidcred that Bessemer steel having a tenacity of from 85 to 
45 tons both tempers and welds badly. With a less strength 
it will not temper, but can be welded ; and with a greater 
tenacity it will not weld, but tempers well. 

The following tests are those given by Cammell and Co. for 
steel plates : — 

Forge test {hot). — All plates one inch thick and under to 
bend hot without fracture to an angle of 180% both lengthwise 
and across the grain. 

Forge test (cold), — ^All plates will admit of bending cold with- 
out fracture as follows : — 
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CHAPTER IV. 

RIVETmO. 

Uktil boiler-shells and tubes of large diameter can be 
rolled from a solid block like tyres, or drawn solid like small 
tubes, the edges of both iron and steel boiler plates require to 
be joined either by welding or riveting. 

But few if any engineers are now to be met with who would 
venture to maintain that the riveted lap-joints of a new boiler 
are stronger than the entire plate ; yet this was the current 
opinion some forty years ago, however incredible it may now 
appear. It was only after numerous direct experiments had 
proved iU fallacy that the error was abandoned. By what 
show of reasoning this view was arrived at, it is difficult to con- 
ceive. Perhaps the union of the plates was regarded as perfect ; 
and then the conclusion would naturally follow, that the double 
thickness was stronger than the single. The nip of the rivet 
in cooling may have been accredited with a greater value than 
we are now inclined to assign to it 

Generally speaking, the riveted joints are the weakest portion 
of a new boiler, when there are no large unstrengthened dome 
or man-holes. Since the strength of a structure must be mea- 
sured by its weakest part, — the strength of a chain by its weakest 
link, — the subject of riveting becomes all important. 

Kiveted joints are of various descriptions : those we are con 
eerned with are designated single and double riveted lap-jointS| 
single and double riveted butt-joints. The latter are made 
with either a single or double covering-strip, welt, or fish-plate^ 
as the piece joining the plates is variously called. Double* 
riveted joints, both lap and butt, may have their rivets arranged 
one row directly behind the other, called chain riveting, or in 
zigzag fashion, which is most common and the best for boiler- 
making. 

The rivets themselves are of various descriptions, or rather 
their heads are made in various forms. There is first, the ordi- 
nary conical or pointed head, which is formed by knocking 
down the point with light hammers. This shape is always 
employed where the space available for hammering down tho 
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poiut is limited, as when efifectiog repairs with the boiler on it« 
Beat. Although to some extent employed in new work, it is 
nob so well liked as formerly, there being nothing to recommend 
it but the facility of making and the shapely appearance it pre- 
sents when well formed. The thinness of the collar renders 11 
more vulnerable than the snap head when attacked by corro - 
sion. The height of the conical head varies in different works, 
but it should be made about equal to i the diameter of rivet. 
It is, however, commonly made too flat, which, besides having 
the defect of oflfering little material to withstand corrosion, 
frequently causes the head to be very brittle and easily de- 
tached by a single blow from a hand hammer. This brittleness 
is probably caused by the sudden cooling of the small quantity 
of iron for the point when inserted in the hole and flattened 
out, together with the amount of cold hammering the iron re- 
ceives in finishing. 

The snap or cup head is the best, and is formed by roughly 
hammering down the point ; the form of the head being com- 
pleted by holding a cup-shaped die on it, which is struck with 
a heavy hammer. The height of the snaphead should be about 
f the diameter of rivet, but it varies considerably, being from 
'I to i the diameter. The diameter of the head also varies con- 
siderably ; the usual custom is to make the shoulder from 
iV" *^ fV" ^o^ ^i^ets from I" to i" diameter. 

Most makers avoid making the bottom of the head cylindrical 
or parallel, but bring it to a sharp edge to facilitate caulking. 
This shape is the best for machine riveting, where the edge of 
the head cannot be finished off as in cupping by hand, but 
usually requires to be subsequently dressed and caulked. 

The countersunk head is formed by hammering down the 
point iuto the conical hole prepared for it ; it is then usually 
dressed ofif with a chisel and hammer. Although extensively 
used in ship-building, its employment in boiler-making i<3 
almost limited to cases where even surfaces are required for 
mountings, <fec. 

Countersinking should always be avoided in riveting angle- 
irons, saddle-plates, or brackets, employed for securing stays, 
or wherever the force acts in the direction of the length of the 
rivet. Not only is the countersinking liable to leak under such 
circumstances, but the head has a very insecure hold of the 
plc^te, and is liable to be drawn through the hole by a much 
less pressure than is required to tear the rivet asunder. 

The allowance made in the length of the rivet for forming 
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the head should be about 1^ times the diameter for snap and 
conical heads, and about equal to the diameter for countersunk 
beads. In machine riveting the length requires to be V' to i" 
more than the above. 

The tails of the rivets are generally made pan or flat shaped, 
except in machine riveting, where the cup or similar form U 
almost invariably employed. 

In making the ditlerent-shaped heads the rivets may be closed 
ap either hot or cold : the latter method is said to be employed 
to some extent in the United States, but very rarely in this 
country. The closing up may be effected either by hand or by 
machine worked by steam, water, or compressed-air power. 

Machine riveting upsets the rivet and closes up the hole 
better than hand riveting, as the dead heavy pressure is exerted 
through the whole mass of the rivet, and the effect is not con- 
centrated upon the point as it must be with a succession of light 
sharp blows from a hammer. The evil of the rivet not filling 
the hole well is sometimes aggravated in hand work by the 
blows being dealt on the circumference of the point, in order 
to form a shoulder speedily to resist the hammering, instead of 
letting them fall dead on the point, which should tend to make 
the rivet first fill the hole before tho shoulder is formed. 

The possible disadvantage of machine riveting is that the 
plates may not be nipped tightly together, and the rivet may 
be squeezed out between them, causing a permanent separation 
of the surfaces which should be in contact. Tho pressure of 
the machine not coming on t3 the plates until the hole has 
been filled, is sometimes not so effective in closing the joint as 
the lighter pressure brought upon the plates in hand riveting, 
where the men drop a few blows round the hole before operating 
on the rivet in order to set the plates close together. 

Hydraulic riveting is more gradual, and is generally prefer- 
able to steam riveting, the pressure from which often comes 
upon the rivet with a violent blow, and does not allow time for 
the rivet to fill the hole so well as with the former method ; but 
it is still preferable to hand rivoting, although the appearance 
of the last is the most pleasing to the eye. 

As the result of numerous experiments by different authori- 
ties, tho average tensile strength of good rivet iron may be taken 
at 24 or 25 tons per square inch. It is but seldom, however, 
that the tensile strength of a rivet is taxed in a boiler except in 
the flat end plate, mounting and stay attachments, where the 
stress tends to tear off the heads. In a lap joint and single' 
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fished butt joint the force pulliog the plates asunder tends to 
shear the rivets through in one place only^ in the direction of 
its diameter, — this is called a single shear. In a double-fished 
butt joint the rivet is exposed to a double shear, as the plates 
in parting asunder tend to cut the rivet through in two places. 

It has been determined by experiment that the ultimate re- 
sistance to shearing is proportional to the area of the rivet, and 
U practically the same as the ultimate resistance to a direct 
longitudinal tensile stress, or 25 tons per square inch. As a rivet 
in double shear offers twice the area to resist breaking that it 
does in single shear, it should evidently be twice as strong in 
the former case as in the latter. The above cannot, however, 
be regarded as the sheariug resistance of a rivet in actual boiler 
work, where its strength is affected by the heating and hammer- 
iDg down to fill the hole and to form the head, and in the 
second place by the tension produced by contraction in cooling. 

In some experiments undertaken for the Admiralty at Chat- 
ham I" rivets of best Yorkshire iron were found to have a mean 
single shearing strength of 10 tons each (a fact easily remem- 
bered, and of some use, as |-" is a very common size for 
boiler rivets), and a double-shearing strength of 18 tons. These 
strengths correspond respectively to about 22 J tons and 20 J 
tons per square inch of sectional area sheared through. Mr. 
Doyne found the strength of rivets of various sizes and descrip- 
tions in ordinary riveted work averaged 18 '82 tons for single 
shear and 17 tons for double shear per square inch of sectional 
area. The longitudinal tensile strength of the rivet not being 
giv^en, wo are unable to estimate the loss of strength due to 
riveting up. 

The shearing strength of iron rivets with thin steel platet 
has been found to be less than with iron plates of the same 
strength. This is probably due to the harder steel cutting into 
the iron of the rivet. The average of eight experiments by 
Mr. Sharp with steel plates and iron rivets gave 18 68 tons per 
square inch. 

We may safely take the strength of the rivet as equal to the 
tensile strength of the plate, or 21 tons per square inch for 
either single or double shear. 

It is obvious that the contraction of the rivet in cooling must 
press the plates between the heads closely together. The 
tension thus caused, although affecting the shearing strength of 
the rivet, must add materially to the strength and tightness of 
the joint. Mr. £. Clark, in his work on the Britannia and 
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Con^ray Tubular Bridges, gives an account of some interesting 
experiments to ascertain the amount of friction caused by the 
contraction of rivets in cooling, accompanied by some excelieut 
remarks : — 

" The contraction of a wrought-iron rod in cooling is about 
equivalent to y-Qi-^jj of its length from a decrease of temperature 
of 15° Fahrenheit, and the strain thus induced is about 1 ton 
for every square inch of sectional area in the bar. Thus, if a 
rivet 1 inch in section were closed at a temperature of 900% 
it would, in cooling, decrease in length YJi%%u ^^ ^^^ length, 
and, if its elasticity and strength remained perfect, would pro- 
duce a tension of 60 tons. The ultimate strength of nvet iron, 
however, being only 24 tons, the rivet would, in cooling, be 
permanently elongated, and would continue when cool to exert 
a tension of 24 tons, provided its elasticity remain uninjured 
by the strain. Thus, if the rivet were not in contact with the 
plates, excepting at the head and tail, the plates would be held 
together by a pressure of 24 tons, and this friction would have 
to be overcome before the rivet came into action as a mere pin. 

*' The following experiments were made to ascertain the 
value of friction induced by this cooling and consequent con- 
traction of the rivets, and the force requisite to slide the plates 
over each other. For this purpose three |^-inch plates wero 
riveted together with a single ^-inch rivet, but the hole in the 
centre-plate was oval, and very much larger than the rivet, 
being 2J inches in its longest diameter. Weights were sus- 
pended from the centre-plate until it slipped and bore upon the 
rivet ; it supported 5*69 tons before it began to slide, which it 
did abruptly. 

'' The experiment was repeated with the addition of an 
^-inch plate of iron riveted on each side, between the heads of 
the rivet and the plates, making the shank of the rivet 
2{ inches long ; 4 '4^^ tons caused the plates to slide. 

" The last rivet having been found faulty, the experiment 
was repeated exactly as before, and the plates sustained 
7 '94 tons before they slipped. 

** In the next experiment a ^-inch rivet was inserted through 
two -5f^^" plates, with large holes, with a -5»^-inch washer on each 
side next the rivet-head. This combination supported 4*73 tons 
before it gave way.'' 

In his work on "Ship-building," Mr. E. J. Reed records 
some experiments of a more detailed description than those of 
Mr. Clark. 
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'^ Three plates were united by what is known as a ' chain* 
joint ' — that is, the ends of the two outer plates overlapped the 
end of the middle plate. The connection of the plates was 
made by three rivets passing through the lap, the rivet-holes in 
the outer plates being filled by the rivets, but the bearing sur- 
face of the holes in the middle plate being slotted out, as 
shown in the sketch (fig. 2). It will thus be obvious that 




Fig. 2. when a tensile strain was brought 

upon the middle plate, the amount 
of the friction could be measured 
by the force just able to produce 
a sliding motion. The breadth of 
the lap was three diameters, the 
rivets were a diameter clear of the 
edge of the plates, and their pitch 
was four diameters. There were two 
\-^ eets of experiments made with iron 
plates and rivets, and in each set 
two experiments were made with 
rivets having heads and points snap 
headed ; two others with rivets having 
pan heads and conical points ; and 
the remaining two with rivets having 
countersunk heads and points. The 
experiments were made in duplicate, 
in order to reduce the chance of error. The first set of experi- 
ments were made with ^inch plates, 8^ inches wide, the rivets 
being ^ incli. The results were as follows : — 



Dewjriptlon of Rivet 


Friction per Rivet 


l8t 

Experiment. 


2nd 
Experiment 


Mean. 


Soap beads and points , . 
Pan heads and conical points . 
Countersunk heads and points. 
Mean of the three . 


Tons. 
5-14 
5-26 
4-66 


Tons. 
4-21 
4-81 
8-74 


Tons. 

4-67 

5-0 

4-15 

4-61 



The second set of experiments were made with plates 11 inches 
wide and |-inch thick, the rivets used being 1 inch diameter. 
The following results were obtained under the above-st>ated 
Qouditions of pitch of rivets, lap, drc. :— 
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Friction per Rivet 


Derarlptlon of Rivet 


iBt 

Experiment 


2nd 
Experiment 


Mean. 


Snap heads and points . . 
Fan beads and conical points . 
Countersunk heads and points . 
Mean of the three . 


Tons. 

6-87 
4-56 


Tons. 
6-64 
7-24 

4-09 


Totia 

6-7 

7-0 

4-8 

6-6 



**In addition to these experiments with iron plates and 
rivetSy two other sets of experiments were made with steel 
plates and rivets of exactly the same dimensions as those used 
in the former experiments, the pitch of rivets, breadth of lap, 
<S7C., being in each case identical with those previously given. 
With ^-inch plates and f-inch rivets, the results obtained were 
as follows : — 



Description of Rivet 


Friction per Rivet 


Ist 
Experiment 


2nd 
Experiment. 


Mean. 


1 

Pan heads and conical points . 

Oonntersnnk heads and points . 

Mean of the three . 


Tons. 
386 
4-79 
363 


Tons. 
4-09 
4-79 
8*43 


Tons. 
8-98 
4-79 
S'53 
4-1 



With f-inch plates and l-inch rivets, the following results 
were obtained : — 



Description of Rivet 


Friction per Rivet 


let 
Experiment. 


2nd 
Experiment 


Mesa. 


Snap heads and points . . 
Fan heads and conical points . 
Oooutersnnk heads and points . 
Mean of the three . 


Tons. 
6-43 
5-49 
514 


Tons. 

5-49 

None made. 

4-91 


Ton* 
5.96 
5-49 
5-02 
5-49 



' It thus appears that rivets with pan heads and conical 
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points have tlie advantage oyer both the other descriptions of 
riveting. The only exception to this is fonnd in the second 
6ct of the experiments with steel plates and rivets ; but, as only 
one experiment vraa made, the result cannot be relied on. It 
also becomes evident that countersunk riveting causes much 
less friction than the other systems. On comparison, it will be 
seen that in nearly all cases steel plates and rivets give less 
friction than iron, the only exception being the cases of rivets 
with snap heads and points, and those with countersunk heads 
and points, in the same set of experiments. The former of 
these exceptions is scarcely worth notice, as the difference is so 
smalL The use of larger rivets witli the same pitch, <bc., gives 
an increase in the friction, but no law of increase appears to be 
conformed to. 

'< Although these experiments do not give any definite idea 
of the probable amount of friction which would result from the 
use of rivets having different diameters and pitch, they yet 
serve to show how much the strength of a riveted joint is 
increased by the contraction of the rivets." 

Now, if we take the coefficient of friction of wrought iron 
upon wrought iron at *18, and assume the livets to act with 
the full tension of 24 tons per square inch of section in squeez- 
ing the plates together, we should require 4 *3 tons weight per 
square inch of rivet to overcome the friction of the two surfaces. 
The high results obtained from the experiments were probably 
due to the inequalities and dirt on the surfaces of the plates in 
contact, which would materially increase the friction . 

It must not, however, be concluded that the value of a rivet 
is to be determined by adding to its sliearing strength the 
amount of friction between the plates produced by its contrac- 
tion in cooling. Although these two elements of strength act 
together in a well-filled hole, they cannot be considered as 
acting independently. Whatever gain is obtained by the con- 
struction is to some extent counterbalanced by the loss of 
strength due to the tension on the rivet. 

The manner in which a severe tensile strain affects a lap joint 
by pulling it athwart the line of strain (fig. *l, page 69), must 
also tend to diminish the friction of the plates. Long before the 
ultimate resistance of the joint is reached, especially with single 
riveting, the friction of the plates must be greatly diminished, 
and cannot be regarded as materially influencing the ultimate 
strength of the joint. 

In old boilers it is probable that the tension of the rivet 
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becomes gradually eased by the continual straining and altera- 
tion of temperature, which will in time affect the nature of the 
iron. The friction may not, however, be diminished in the 
same proportion, as we may expect the contact of the surfaces 
to become more perfect after long wear together. 

There can be no doubt that severe caulking, as commonly 
practised, must tend to diminish the friction between the plates, 
especially when they are thin. The sketch (fig. 3) shows 

Fig. 3. 




the manner, somewhat exaggerated, in which the plates are 
forced apart by the caulking, when done with a set and heavy 
hammer. 

When the edge of the caulking tool is very thin, it is some- 
times driven by careless workmen right into the joint, wedging 
it wide open. There should now no longer be necessity for 
severe caulking, since it has become the practice in all good 
boiler works to plane the edges of the plates. This not only leaves 
a better edge for light caulking, especially when it is slightly 
bevelled, but at the same time it enables a more uniform 
amount of lap from the centre of the hole to be maintained 
thin when the edges were dressed by hand, and conduces 
greatly to the facility of making a tight joint. 

In trying situations, where it is diflScult to keep a joint 
tight, too much lap is decidedly worse than a slight deficiency. 
One and a half times the diameter from the centre of the rivet 
to the edge of the plate is found sufficient in every case. 

Severe and careless caulking has more to answer for than is 
commonly supposed. On the inside of the boiler it often 
induces grooving and fracture, and even where grooving has no 
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existence, the fractares of the plates in exploded boilers often 
follow the line of caulking in preference to the line of rivet 
holes. 

The contraction of the rivet in cooling must act transversely 
as well as longitudiaally, and thus cause it to become slack in 
the hole it filled while hot. This shrinkage in the diameter is 
also increased by the tension due to longitudinal contraction. 
That the total shrinkage from these causes is very plight, i£ 
shown by the difficulty sometimes found in distinguishing the 
line between the rivet and plate in specimens of machine- 
riveted work, planed down to exhibit the quality of the work- 
mauship. 

It is sometime: affirmed that the red-hot rivet acts injuri- 
ously on the iron round the hole in hard and steely plates, 
especially if cooled suddenly. For this reason, and also to 
obviate the tensional strain caused by the contraction of hot 
rivets, some engineers have advocated the use of cold riveting. 
This certainly has the advantage of precluding the employment 
of all but the very best rivet iron, and of demanding that the holes 
shall coincide. On the other hand, it is eaid, cold hammering 
acts injuriously on the rivet-head ; and on this account, as we 
stated above, conical heads are falling into disuse. It is, how- 
ever, questionable whether the amount of hammering that 
might damage bad iron would seriously affect iron of good 
quality. 

When the length of the rivet is considerable — ^as, for instance, 
in the joint at the fire-hole and fire-box foundation rings of 
some locomotive and vertical boilers — ^the contraction in cooling 
often affects the strength of the rivet to an injurious degree, 
and draws off the head. As the contraction should be propor- 
tionate to the length of the rivet, it is not very clear why the 
strength is affected by the length, unless the tension is concen- 
trated just beneath the point where the rivet remains longest 
hot. 

Besides the shearing and stretching strains just considered, 
boiler rivets are exposed to other severe tests. The heads are 
liable to be knocked off externally by the rough usage in re- 
moving the boiler from the maker's. Inside, the heads are often 
detached by the careless use of hammers and picks in removii.g 
incrustation. 

The jarring effect from hammering, when the boiler is under- 
going repairs, frequently results in detaching brittle rivet-heads, 
an<l when exposed to the action of the fire they are liable to be 
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bumty and aro easily knocked off by a careless stoker. Foi 
these reasons alone, it is evident that rivets should be made of 
first-rate iron. Yet this is far from being the general practice, 
and the large quantities of rubbish that command a sale as 
boiler rivets is a proof of the greed, recklessness, and ignorance 
of the maker and purchaser of the boiler, the one being fre- 
quently no more blamable than the other. 

Whilst rivets of bad iron can often be detached by a few 
sha^ blows with a light hammer, it requires from twelve to 
twenty powerful blows with a quarter-hammer to force off a 
f -inch rivet-head. With indifferent iron, little or no distortion 
by the hammering is apparent ; but with very good iron the 
distortion is so great that the portion of the blied operated upon 
will be found flattened by the set, past the edge of the hole, 
before the iron in the shank yields. 

Rivet-holes may be punched or drilled. Both methods have 
their partizans, who persistently maintain the superiority of the 
system they advocate over the other. The usual arguments in 
favour of punching are a saving of from one-third to one-sixth of 
time and labour as compared with drilling — a most conclusive 
argument with the manufacturer, but it does not apply so 
strongly when multiple drilling-machines can be used. The 
shape of the punched hole, which is conoidal and slightly 
countersunk, is considered by many to be more favourable for 
tight work than a hole made by the drill, which is parallel or 
cylindricaL There are many boiler-yards not well provided with 
machinery, where even the roundness of drilled holes cannot be 
depended upon in the haste that accompanies most of the opera- 
tions in boiler-making. The punch leaves no burr behind it, as 
the drill does, and which should be dressed off, but is too often 
forgotten. When the overlapping plates are drilled together, 
the burr between them should always be removed, as it is liable 
to prevent their closing tightly to make a good joint. 

It is argued in favour of the drill, that the positions of the 
holes marked off from the overlapping plate can be preserved 
more faithfully with it than with the punch. This is, doubtless, 
a strong argument if it can bo maintained, for these half-blind 
holes are the bane of boiler- making. But many affirm, and 
with good reason, that a careful and skilful workman can punch 
the holes as accurately as they are likely to be drilled, nnlesa 
both plates are pierced together. In some boiler-yards the 
accuracy of the punched holes is ensured by the use of a self- 
acting traveller for feeding in the plate. When the poBitions of 
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the holes are marked by a centre-punch, the plan is sometimes 
adopted of forming a very small projection on the bottom of 
the punch, which enables the centres of the holes in the plate to 
be felt for, thereby ensuring as much accuracy as can be claimed 
for drilling. A somewhat questionable argument in favour of 
drilled holes is, that the rivets are more easily removed when 
repairs are required. But the chief argument in favour of the 
drill is, that it does not injure the plates like the punch. 

All kinds of boiler plates, worthy of the name, will bear punch- 
ing, and in the great majority of cases without exhibiting any indi- 
cations of injury from the process, when submitted to the ordinary 
modes of scrutiny. Yet the quality of the plate has an important 
influence on its manner of bearing the severe treatment it under- 
goes at the punohing-machine. Inferior and badly refined 
plates, being brittle, suffer to a much greater extent than those 
of better and more ductile quality. In fact, punching a hole at 
the usual distance from the edge (one diameter clear) in an in- 
ferior ship plate will often produce fracture. It is not always 
the very best brands that pass through the ordeal of punching 
with the least injury. Some of the Best Yorkshire plates are of 
a hard and stubborn nature, although ductile, and possibly do 
not bear punching so well as some of the softer South Stafford- 
shire irons. 

There is still a want of conclusive experimental evidence tc 
decide the precise amount of injury plates of different quality 
and thickness, with holes of different diameter, pitch, and dis* 
tance from edge, sustain in punching. It is generally assumed 
that plates of fair quality, having a tenacity of 21 tons per 
square inch, cannot be relied upon to bear more than 16 or 17 
tons per square inch of section left between holes in ordinary 
steam-tight riveted joints, equivalent to about 24 and 20 per 
cent, loss of strength. This is a maximum loss for hard plates 
of average boiler quality ; but many soft plates do not suffer 
more than from 4 to 8 per cent, loss of strength with the holes 
punched a whole diameter clear of the edge, and at the second 
row of rivets in double riveting do not suffer at all. If the 
edge of the plate has been cut near the edge of the slab, it will be 
likely to suffer more in punching than if cut some distance from 
it. As the risk of damaging a plate by punching diminishes 
as the distance of the hole from the edge increases, some boiler- 
owners who prefer punching to drilling specify their plates to 
be cut about half an inch larger all round than their finished 
Bize^ in order to keep the holes a safe distance from the edge in 
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ptmduDg. The Burplas mateiial ia subsequontly plandd or 
dreBsed off. 

The violence done to the plate may be seen more clearly by 
considering the force requisite to punch it It has been found 
by experiment that the resistance of a wrought-iron plate to 
punching is about the same as its resistance to tearing by a 
tensile strain. Taking this at 21 tons per square inch, and 
regarding the resistance to the punch as measured, not by the 
area of the hole, but by the area of the metal separated, or the 
circumference of the hole multiplied by the thickness of the 
plate, we have (2x9rX^X^i= force, which just balances 
resistance to punching a hole of diameter d through a plate of 
thickness t The resistance increases directly as the thickness of 
plate, diameter of hole, and strength of plate, and will be 
affected by the condition of the punch and clearance of the 
die. For a {-inch hole through a J-inch plate the force re- 
quired is about 24 i tons. We can also readily find the 
greatest thickness of plate we can perforate with a punch of 
given diameter, or the least size of hole wo can punch in a 
plate of given thickness, the compressive strength of the punch 
being given. Assuming this to be 100 tons per square inch, 
and the maximum resistance of wrought iron at 25 tons, we 
have the resistance of the plate =:2rX7rX^x25, and the 
resistance of the punch to crushing = r^ x tt X 100. It is 
evident that when < = 2 r, or diameter of hole, the two resist- 
ances are equal. We find, therefore, that when the compressive 
strength of the punch is just over four times as great as the 
tearing strength of the plate, it will just perforate a hole of a 
diameter equal to the thickness. If the thickness of plate be 
greater than the diameter of hole the punch must be stronger, 
or the plate weaker, than we have assumed, or the hole cannot 
be punched. In practice, it is rarely if ever attempted to punch 
a hole less in diameter than the thickness of the plate. An 
inch and a quarter hole through an inch and a quarter plate ia 
what a good machine should have power to punch. 

The holes are punched slightly larger than the diameter of 
the rivet, to allow its easy insertion when red hot. For |-inch 
rivets a bare -^^ inch in diameter is commonly allowed. This 
increase of diameter should obviously increase with the size of 
rivet. The punch should be formed slightly largest in diameter 
at the face, which is best made somewhat concave, rather than 
flat or convex, to make a clean cut. The hole in the die is 
always made somewhat larger than the punch, to lessen the 
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friction and to allow the wad or burr, as the piece of iron id 
called, to be forced out more readily than if the die were an 
exact fit. The less the clearance between the punch and the 
die, the greater the distress of the plate. The difference in 
size between the punch and the die is the cause of the conical 
shape of the punched hole. The sizes are usually in the ratio 
of from 1 : 1 '1 to 1 : 1 *2. By increasing the size of the die suf- 
ficiently the holes can be made countersunk through the whole 
thickness of plate. Advantage is sometimes taken of this in 
ship-buildiog. The plates are put together so that the small 
ends of the holes are inside (fig. 4). The rivet is formed with 



Fig. 4. 
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a taper next the head (fig. 4), which fills the conical hole in one 
plate, and the hole in the other plate is filled by hammering 
down the rivet. By this means the holes are more likely to be 
completely filled up. 

It is usually understood that boiler plates with punched holes 
are always arranged with the holes lying together as in ^g, 5, 
and an importance is attached to this arrangement which has, 
perhaps, been somewhat overrated. Where the steel drift 
is employed (and where is its use altogether dispensed with 7) it 
will upset the edge of the hole between the plates, and separate 
the contact of their surfaces to a greater extent than when the 
larger ends of the holes are brought together, and thereby impair 
the efficiency of the joint. On the other hand, however, ham- 
mering up the rivet in a hole with the small ends outside tends 
to wedge the plates asunder. Besides, in the event of a rivet- 
head being accidentally knocked ofi^, the first-mentioned arrange- 
ment of the holes will still retain the rivet in its place, and 
bold the plates together. The tension due to the contraction ot 
the rivet in cooling is by this arrangement spread over the wholo 
length of the hole, and is not concentrated at its ends. The 
heads have^ therefore, comparatively little to do. All things 
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considered, ibis method has its advantages, which appear to 
justify the favour in which it is held, and which outweigh any 
little defects incidental to its employment. When repairs are 
required, the difficulty of getting the rivets out is about equal 
in any arrangement^ if the holes are well filled and the work- 
manship is good. 

It is of the greatest importance that the corresponding holes 
in adjoining plates should coincide, and not partially overlap 
each other, or be half blind, as it is called (fig. 6). In rough 
work too little attention is paid to 
this matter, and even where great '^' ' 

care is used in marking oflf and '^81 ^^^S 

punching or drilling, cases of holes ^^m\ ^^m^ 

not coinciding will frequently occur. ^Wl fc^ 

N^ot only do these defects add to 
the difficulty of maljing the joint 
tight by distorting the rivet and 
preventing it from filling the hole 
properly, but it also leads to the 
use of the drift, which in the hands 
of careless workmen is often hammered into the hole in 
such a reckless manner as to cause serious injury to the 
plates. With the use of the drift, which is a short steel spindle 
with a taper end, the holes are forced and contorted into an 
irregular shape, sufficiently large to admit of the insertion of 
the rivet, which passes obliquely through the plates. It will 
depend upon the degree of blindness whether the hot rivet can 
be hammered up to fill the contorted hole or not, and make a 
tight joint, and whether its oblique position seriously affects its 
power to resist the strain it is designed to bear. When, as the 
result of bad workmanship, the rivet cannot be inserted with- 
out recourse to some means for straightening the holes, it is 
best to rimer them out and use a larger rivet. This has the 
advantage of not distressing the plate, which is sometimes sup- 
posed to be sorely enough tried in the first place by the punch- 
ing. This method is sometimes employed throughout the rivet 
work, the holes being all punched or drilled somewhat less than 
required, and afterwards rimered to the full size. Should the 
plate not bo drawn quite close together before the rimer is 
Inserted, the particles of iron are liable to find their way be- 
tween them and impair the tightness of the joint. This plan 
destroys the conical form of the punched holes, but ensures a 
better job than the ordinarv careless methods of riveting. 
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Several experiments have been made to determine the relatiyo 
value of drilled and punched plates in riveted work. 

Mr. W. H. Maynard arrived at the following results with 
four bars cut from the same plate, two being punched and two 
drilled, with 1-inch holes having the same sectional area at the 
reduced part — 1| square inches. 



Breaking weight in tons. 


Difference In 
tons. 


Difference per 


Experi- 
ment 


Drilled bar. 


Pandhed bar. 


cent, in favour 
of drilled. 

1 


iBt 

2nd 


80^ 
314 

31 


.26 

2a 




17 
21 


Mean. 


26 


5 


19 



The quality of the plates and the appearance of the fracture 
are not given, which renders these experiments of little value for 
deducing any general rule. The following are the results of 
some experiments by the same authority to test the difference 
in value between rivets in punched holes and similar rivets in 
drilled holes : — 

^'inch rioeU in drilled Iwles, 

1st, single shears 26 tons per square inch. Double shears 
39-2 tons. 

2nd, single shear = 26 4 tons per square inch. Double 
shear, — Experiment faileJ. 

^-inch rivets in punched holes, 

1st, single shear = 2 V '2 tons per square inch. Double shear ■= 
45*6 tons. 

2iid, single shear =26 tons per square inch. Double shear, — 
Experiment failed. 

Mr. Maynard considers the above as conclusive that rivets in 
drilled holes, subject to shearing strain, were about four per 
cent, weaker than rivets in punched hole^ under similar strain, 
and thinks the sharp edges of the drilled holes have a greater 
tendency to nip off the rivets than the rounded edges of the 
punched holes. This conclusion has been confirmed by more 
recent experiments in America. The rivets appeared cut 00 
cleaner by the drilled plates than by the punched. 
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In comparing the strength of punched and drilled work toge- 
ther, Mr. Maynard concludes, Ist, that drilled platea are 
stronger than punched by 10 per cent. ; 2nd, that rivets are 
wreaker in drilled holes than in punched by four per cent. ; 3rd, 
that the difference is in favour of drilled work by 15 per cent. 

The above conclusions would require to be modified for dif- 
ferent qualities of rivets, plates, and workmanship. 

Sir W. Fairbairn, in his " Useful Information for Engineer?," 
gives a detailed account of some experiment made on the 
strength of single and double riveted lap and butt joints, with 
punched holes, both snap and countersunk heads being used. 
The riveting was done both by hand and machinery, and, as we 
should expect, the latter proved the more eflfective. The joints 
with countersunk heads were found to be about as strong as the 
otheiB, although there must have been a diminution of strength 
corresponding to the amount cut out by the countersinking. 
The double-riveted lap joint was found to have a strength very 
slightly inferior to that corresponding to the section of the plate 
left between rivet holes, showing the plates had not suffered 
materially by the punching. The single-riveted lap joint showed 
an average loss of strength of 24 per cent, over and above the 
loss due to the reduction of section at the line of rivet holes. 
In this case the punching may have had a more injurious effect 
on the plates, the line of holes being nearer the edge than the 
line which bears the brunt of the strain in the double-riveted 
joint. However, the inferior strength must be mainly ascribed 
to the manner in which the tension strains the joint, and draws 
it athwart the line of strain, us shown in fig. 7. The joint will 

Fig. 7. 




always tend to assume this form under severe tensioual strain in 
consequence of the force tending to act in a direct line through 
the middle of the plates. The joint here manifestly acts at a 
disadvantage, the strain being unequally distributed among the 
fibres of the plate, those of the inside of the joint at the centre 
of the rivet bearing more than the rest, The thicker the plate. 
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the greater will be the unequal distribution of the atress, the 
leverage varying as the thickness of the plate. The same action 
occurs in a double-riveted lap joint, but in a much less degree, 
as the force acts with less angularity, and consequently more 
uniformly over the fibres of the iron. 

The butt joint with single strip behaves in a somewhat similar 
manner, acting like two laps placed together (fig. 8). In the 

Fig. 8. 




longitudinal seams of an ordinary cylindrical boiler, this pro- 
perty of the lap makes itself felt very often, and results in 
grooving. In the transverse seams the curved form of the 
plates renders this distortion by the force of the steam pressure 
alone well-nigh impossible, but is not proof against the irresist- 
ible molecular forces, whose effects are shown in the expansion 
and contraction of the plates, and which cause the transverse 
grooving in locomotive boilers when they are secured fijrmly at 
both ends to the frame ; and in stationary boilers, where the 
bottom is cooler than the internal tubes and upper portion of 
the shell. 

When single-butt strips are used for the longitudinal seams, 
they should never be applied internally, on account of the ten- 
dency of the joint to open under pressure, as shown in the last 
figure. When the strip is placed on the outside, the action of 
the steam pressure assists in preventing the distortion of tha 
joints. 

The loss due to the unequal distribution of the tension in 
single-riveted joints with plates of ordinary thickness, |-inch to 
•j^^-inch, may be taken at not less than 20 per cent, of the ten* 
sile strength of the material left between holes. This would 
leave four per cent, loss of strength in the single-riveted lap 
joints, tested by Fairbairn, due to deterioration by punching, 
and to the rivets not filling the holes so as to bear evenly on 
the plate, and take each an equal share of the strain. What the 
loss of strength from unequal distribution of strain may be in 
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•trips of very thick plates, |-inch and above, can only bo de- 
termined by actual test ; it will probably amount to from 50 to 
70 per cent. That the weakness of the single-riveted lap joint 
was owing to the oblique action or unequal distribution of tlio 
strain appears to be proved by Fairbairn's experiments, where 
single riveting and butt joint with double strips were tried. The 
strength of this was found to be about equal per square inch of 
section to that of a double-riveted lap joint, or nearly that due 
to the unimpaired section between the holes. 

From some experiments made by Mr. Brunei with double- 
fished butt joints and best Staffordshire ^ plates, having 
strips l^inch thick, with double and triple chain and zigzag 
riveting, the following results were arrived at : — The sectional 
area of the rivets and plates should be equal : triple riveting is 
superior to double-chain riveting in proportion to the sectional 
area of plates retained ; and the strength of the plates is unim- 
paired by the punching, 20 tons per square inch being the 
breaking weight alike of the solid plate and the section left be- 
tween the holes. 

In *' Useful Information for Engineers," the strength of the 
joints compared with that of the entire plate is given as 
follows :— 

Strength of plate =100 

Strength of double riveting = 98 

Strength of single riveting = 76 

The loss of strength here given is due to the treatment the 
iron has received, and to the form of joint, and is qmte irrespec- 
tive of the diminished section at the line of rivets. A further 
reduction must be made, corresponding to tho amount of sec- 
tion removed in making the holes. This varies considerably for 
single riveting, but 30 per cent, may be taken as an average 
allowance for double riveting. Fairbaim takes 30 per cent, also 
for single riveting, and gives, accordingly, the actual strength of 
the plate and the two descriptions of joints as 100, 68, and 4G. 
Thirty per cent, is, however, too small an allowance for single 
riveting, and does not agree with either the common practice or 
the table for the pitch of rivets given in the volume in question. 
This latter gives for J-inch rivets and -J" plates If -inch pitch, 
corresponding to a loss of 43 per cent. ; a loss of only 30 per 
cent, would require 2i-inch pitch, which is now only very rarely 
employed for even very low pressure boilers. Many engineers 
do uot avail themselves of the advantage offered by double 
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riveting for maintaiuing a large section of plate, but use the 
same pitch as for single riveting, the rivets being arranged in 
the form of an equilateral triangle, "which in many cases causes 
the removal of 40 per cent, of section instead of 30. 

Taking the average loss of material in ordinary boiler single 
riveting at 40 per cent., and the total loss of strength in the 
joint as 64 per cent., as above found, we should have therefore 
14 per cent, as the amount considered sufficient for the injury 
caused by punching and the bad form of joint. This is too 
little, and should in no case be taken at less than 20 per cent., 
even when the plate suffers no injury by punching, riveting, 
kc. But taking the loss at 24 per cent., according to Fair- 
bairn, the figures should stand as follows : 100, 68, and 36, 
instead of 100, 68, and 46. 

These will give correctly the comparative strengths when 
the plates and riveted joints are broken in stripe a few inches 
wide, as in the experiments quoted. But in a boiler very 
different conditions of resistance are found. Suppose a boiler 
shell to be made of circular belts of plate overlapping trans- 
versely, but without longitudinal joints or other source of 
weakness, it would then be in a condition to resist a much 
greater tension than the normal breaking weight of the mate* 
rial, in consequence of the support lent by the double thickness 
at the ring seams. That additional resistance is given to the 
plates by the transverse joints in a properly made cylindrical 
boiler, is evidenced by the manner in which many shells 
at work hold together when the whole section of a plate is cut 
away for a 3-foot dome hole except a strip at each end, and 
barely sufficient for the dome angle-iron attachment and ring 
■earns. In such a case, and others of a similar nature, the 
holding together of theplate is mainly dependent upon the strength 
imparted by the ring seams. When the longitudinal seams break 
joint effectually, the ring seams also strongly resist the buckling 
action of the plates under strain, which we have seen, at page 69, 
to be such an element of weakness in single riveting. It is obvious 
this resistance fnust depend greatly upon the width of plates, and 
increases as the distance between the ring seams is diminished. 
Moreover, the circumstance alone of the longitudinal seams 
breaking joint, analogous to the bond in masonry, has an im- 
portant influence in strengthening the shell. It is more than 
probable therefore that in a boiler where the longitudinal seams 
break joint effectually and are double riveted, the strength of the 
shell is even greater than that measured by the unimpaired 
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Bection left between the rivet holea. The resistance of this 
section may therefore be taken as the breaking strength of the 
boiler, or as a rule, 30 per cent, less than the entire strength of 
the plate for double riveting. 

In a similar boiler single riveted, we may safely neglect the 
loss of strength due to the buckling action of the plates under 
steam, and regard the shell as being stronger than a detached 
narrow test strip of the jointed plates by an amount equal to 
20 per cent, of the strength of the entire plate. 

Taking the loss of material for single riveting at 44 per cent., 
the relative values will stand : 

Entire plate . . . .100 

Double-riveted joint . . . 70 
Single „ „ . .56 

These proportions of strength are usually employed, and were 
originally deduced by Sir W. Fairbaim from his experiments. 
But in shells where the longitudinal seams run in a continuous 
line from end to end, we cannot count upon any gain of strength 
from the transverse joints. There is, however, probably a 
slight gain of strength in the long string of rivets as compared 
with a narrow test specimen, and such a shell single riveted 
may be regarded as having 40 per cent, of the strength of the 
plate. 

Taking 21 tons per square inch aa our standard strength for 
plates along the fibre, the above proportions become 14f tons, 
and llf tons per square inch respectively, as the breaking 
strength of double and single riveted boilers having the longi« 
tudinal seams breaking joint in the proper sense of the term, 
and not by the amount of a rivet or two apart as in fig. 9. The 
table of strengths of wrought iron cylindrical boilers is calculated 
from the above figures. The strength of the plates across the 
fibre should be taken at from 10 to 15 per cent, less than 
the above. When the margin of safety is required to be small 
and plates are used of an ascertained strength of 25 tons per 
square inch, the strength can readily be found by adding 20 per 
cent, to that in the table. 

In some experiments conducted at Woolwich in 1835 on 
different kinds of joints, the following results were obtained : for 
^'', -j?^", and f plates, the breaking strengths were respectively 
about 16, 17, and 18 tons for single riveted lap joints, and for 
double riveted about 24, 24 and 22 tons actual breaking 
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weigbt and not per Bquar© inch, showing that the thinnest plate 
was actuall7 stronger at the joint than the thicker plates. Tlie 

Fig. 9. 




inferior strength of |" and -^^ plates was probably due to the 
more oblique action of the strain on the joint. Bat for want of 
detailed information, the results recorded cannot be considered 
as suitable for deducing any general rule for the strength of 
plates of different thicknesses. Many have erroneously con- 
cluded from the results of these experiments that a {-inch 
plate boiler is as strong as a boiler made of ^-inch plates. In 
the fin^t place, there would be found a great difference in the 
strength of a ^'^-plate as a test strip and as built up in a boiler, 
for reasons already stated, the workmanship being equal in both 
cases. This difference would not be so great with a f "-plate. In 
the second place, the plate is by no means most likely to fail 
first through the line of rivet holes when in use. Ck>mpariDg 
I" plates with ^" plates, and assuming the boiler to be unfit for 
working at the original pressure when reduced to \" thick, the 
latter plates will last twice as long as the former. 

In seeking to determine the correct diameter and pitch of 
rivets, and also the proper amount of lap for different thick- 
nesses of plate, there are several conflicting circumstances to 
consider. In the first place, having due regard for the economy 
of material it is important in fixing upon the diameter and pitch 
of rivets for a given thickness of plate, that the plates and 
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rivets should be of equal strength, for in making the rivets to fail 
before the plates, we should be wasting the excess of material 
to which is due the additional strength of the plate or be 
making the joint too weak. On the other hand, to make the 
rivets the stronger, would be to make the joint too weak by 
reducing the strength of the plate too much, or to waste the 
material in making the rivets too strong. 

In the second place, the joint must bo tight as well as cor- 
rectly proportioned for strength. It will be Eeen that the 
attainment of the greatest strength with the least material is 
restricted by the necessity for tightness, and also by other 
minor but important circumstances. 

First of all it must be ascertained in which manner the weak- 
ness of the joint may be declared. Here we fiud that the joint 
may fail in four or five different ways, namely : 

1st. By the plate in front of the rivet crushing (fig. 10). 

2nd. By the rivet shearing. 

3rd. By the plate tearing between the rivet holes. 



Fig. 10. 



Fig. 11. 





4th. By the plate outside the hole breaking through (fig. 11). 

5th. By the plate being forced out in front of the rivet 
(fig. 12). 

1st. The resistance of the plate round the semi-circumfereuce 
of the rivet can be proved to be measured by the diameter 
of the rivet x the thickness of plate x crushing strength of 
plate. From the results of some experiment on the crushing 
strength of the bearing surface of iron links against the pins, 
undertaken by Sir C. Fox, it may bo concluded that tlia 

■ 2 
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reBistance of the plato against a rivet is equal to 40 toDS 
per square inch, whence we have : 

resistance of plate to crushing = d x t X 40 (1.) 

d s diameter of rivet, t = thickness of plate. 

2nd. The nltimate strength of the rivet to resist shearing 
has already been discussed, and may be taken at 21 tons per 
square inch, therefore 

resistance to single shearing s '7854 X d^X 21. (2.) 

Comparing Nos. 1 and 2, when the resistance of the rivet and 
plate are equal, we have 

rf X « X 40 = -7854 X («2 X 21 
d = 2-4 «, 

Fig. 12. whence the diumeter of the rivet should 

be nearly 2^ times the thickness of 
the plate. The common rule of mak- 
ing the diameter of the rivet double 
the thickness of plate up to -^ thick 
is approximately correct, and allows 
a margin of strength for injury douo 
to the plate in punching and drifting. 

3rd. The strength of the plate 
between the rivet holes in boiler work, 
it has already been shown may be 
taken at 21 tons per square inch, 
whence 

resistance of plate to tearing = < (i; — c?) 21. (3.) 
where p = pitch of rivets ; 

comparing this with No. 2, we get for the equality of strength 
in rivets and plates between holes, 

•7854 dr x2l=t(p^d) 21. 

fiom which equation we can find the pitch, when the diameter 
of rivets and thickness of plate are given. Substituting a = area 
of rivet for *7854 d^ we have for a single riveted lap joint and 
single fished butt joint. 
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p = ± + d. (4.) 

For lap joints and single fished joints with double riveting, 
we have the sectional area of two livets instead of one, at in 
the last case, 

hence, 2 a = t (p — d) 

and p = — -h d. (5.) 

In a butt joint double fished and single riveted, where the 
rivets require to be sheared in two places before yielding we get 

2 a ^ t(p — (2), or the same as in the last case, 

andp = — + d. (5.) 

t 

In a double fished butt joint with double riveting the equa- 
tion becomes 

4 a = « (p — d) 
p =1? + (^ (6.) 

In the above formulae, d should rather bo taken as the 
mean si^e of the hole than as the size of rivet, or as a rule 
y^^ inch larger than the rivets up to i inch diameter. 

When the diameter of rivet is double the thickness of 
plate, the pitch becomes equal to 2*57 dy 4*14 d, and 7*28 d 
respectively for formulae (4), (5), and (6). 

In thick plates having rivets less in diameter than twice the 
ihickness of plate, the pitch will be less in proportion. Taking 
r as the ratio of diameter to thickness, the above quantities 

must be multiplied by _ for the pitch. 

4. We may regard the distance between the hole and edge 
of the plate as the depth /i, of a girder fixed at both ends, and 
uniformly loaded, the span being measured by the diameter of 
rivet, hence 

the strength to resist fracture =r —^ — x ^. 
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C is a coefficient, the value of wbich has not yet been 
determined. Since the nature of both the strain and the re- 
sistance differs greatly from that of ordinary girders, it is evi- 
dent that we cannot consider the ordinary coefficient as even 
approximate. But as the coefficient is not likely to be less 
than the above, we may use it for the purpose of illustration 
We then havo, 

iransverse strength of plate = — i^ — 43. 

d 

Comparing this with No. 2, we have, 

•7854 X d2 X 21 a= — ^ X 48, 

when d = 2 # we get A = d x 'SI. 

Assuming this to be approximately correct, it follows that the 
ordinary practice of making the distance between the hole and 
edge of plate equal to diameter of rivet gives sufficient strength 
to prevent the plate from breaking by a transverse strain. The 
greater the ratio of diameter to thickness, the less will be the 
proportion of lap required for adequate strength. 

5. The resistance of the plate to being forced out in front of 
the rivet will be equal to the shearing strength of the plate 
multiplied by the area sheared, and may be expressed by 

X « X 21, 



(¥) 



when the distance between the hole and edge of plate = d. 

On comparison, the resistance of the joint to yield in tbis 
manner will be found much greater than the resistance to any of 
the other modes of fracture we have considered, consequently 
such a fracture as shown in fig. 12, is seldom, if ever, met with. 
The fractures most frequently found in boiler work are those 
from the hole to edge of plate. They are in most cases the 
result of careless workmanship and brittleness of plates, except 
when they occur in the seams over the fire, when they are 
mainly produced by the contraction strain acting at right 
angles, and by the girder strain thrown on the plate between 
the hole and edge by the permanent contraction due to the 
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alternate heating and cooling. A large lap is more liable to 
fractare in this manner than a small one, and a thick plate 
than a thin one, in positions where sudden variations of tempe- 
rature occur. In a line of riveted work a few holes may 
become fractured, or a few rivets crushed, by havuig to bear an 
undue amount of the strain, which is unequally distributed 
along the whole line of rivets in consequence of careless work- 
mauship. 

When the plate once yields by fracturing or crushing, it is 
evident that the strain will no longer be at all equally distri- 
buted along the length of plate between rivet holes, but 
becomes concentrated upon the fibres of the plate at each side 
of the rivet. The plate may then be torn in two by a force 
much below its breaking weight with the strain equally dis- 
tributed. 

The principles embodied in the above rules, based on deduc- 
tions correctly made from experiments, must be accepted with 
some caution. In most of the experiments the plates were 
thin, of very good iron, and probably had not suffered much by 
rough treatment, which is, however, not the fate of the majority 
ot boiler plates. Many a new boiler is set to work with the 
rivet holes fractured to edge of plate, or from hole te hole, by 
punching and drifting. Moreover, it is the practice te use a 
better quality of iron for the rivet than for the plate in the 
great majority of boilers. This lessens the chance of injury by 
hammering and heating, besides giving a greater tensile and 
shearing strength. 

It may be taken as a rule that, in any but the best class of 
boiler work, the rivet is stronger than the plate section for 
section in new boilers. In old boilers the plates at the joints 
are generally found te be much more brittle than the rivets, 
and the rivets, except at the heads, will escape corrosion where 
the plate may suffer severely. These considerations indicate 
that a larger pitch than the one assigned by the rule given 
should be used. It must also not be forgotten that the hole is 
lai^er than the enclosed rivet, the diameter of which is usually 
taken in estimating the pitch. It may here be also remarked 
that in increasing the diameter of rivet, the pitch must be 
increased in a greater proportion, in order to keep the section 
of rivet and plate equal, for the shearing strength of a rivet 
varies as its sectional area, and therefore as the square of the 
diameter, whilst the section of the plate removed varies simply 
as the diameter. It follows from this that, the larger we mako 
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the rivets, the better are we able to retain the groaa sectional 
area of our plates. 

The adyanta£;e to be gained by increasing the diameter of 
rivet is limited by the expediency of not exceeding the crashing 
strength of the plaie in front of the rivet, which varies simply 
as the diameter of the rivet. It has already been shown that 
the plate will fail by crushing before the rivet shears when the 
diameter is 2^ times the thickness of plate. It may also be 
observed, that by increasing the pitch we rapidly diminish the 
breaking strength of the plate between holes, as the increased 
width allows the plate to stretch more, and concentrates the 
strain on the fibres at each side of the hole. This fact applies 
most strongly to the case of double-fished bntt joints, where the 
large pitch is necessary to bring the strength of the plate up to 
that of the rivets which are in double shear. It also probably 
accounts for the diminished strength found in experiments with 
riveted joints, where large rivets have been used with a very 
large pitch to ascertain the crushing strength of the plates. 
Such tests cannot be taken as a guide for the strength of joints 
in ordinary boiler work. 

There are, however, other considerations besides the economy 
of material that should govern the proper pitch of rivets. A 
tight joint is of the first importance, for should leakage occur 
corrosion may soon alter any carefully calculated proportions of 
the respective sections in the joint. Indeed, it may be aflBrmed 
that in the majority of cases the eafety of a boiler depends, in 
the long run, more upon the tightness than the actual strength 
of the joints, since a large factor of safety is usually allowed. 

No one set of rules can be laid down for the pitch of rivets 
which shall be the best under all circumstances of pressure, 
quality of material, liability to corrosion, (fee. The following 
table gives a result which agrees pretty closely with the average 
practice for single riveting in high pressure boilers (up tc 
160 lbs) if we take the proportions of diameter of rivet and 
thickness of plate that are given. The diameter of rivet is taken 
as the average diameter of the hole^ and not the nett size of the 
livet shftnk. 



Riveting. 



81 





fi>in^fe-ni>eM iap joinU, 






Thickness 
of plate. 


Diameter 
of rivet. 


P=7+A 


P=(fX2 6. 


Pitch to be 
iised. 


i" 


1 w 


ir 


ll* 


w 


1 


1 


1 i 






« 


lU 








<< 


1 


^ 






t 


i 


1 




1; 


; 


6 


1 


2 


2 


2 




i 


i 


li 


2; 


2 




S 


1} 
2" 


2i 
24 


2 
2 




1 


1" 


2" 


2i 

24 
2} 
2J 


2j 
2il 




X^ 


11 


2i 
2J 


2| 
2 


i 
^ 



In the above table it will be seen that with thin plates the 
diameter of rivet i» double the thickness of plate, anti this ratio 
diminishes as the plates increase in thickness ui til with 1 inch 
plates the diameter and thickness are nearly eqtjal. One rea>on 
for this is that the difficulty of makins^ a good joint increaMes 
with the diameter of rivet where the point is nnt closed by an 
efficient machine. With 1-inch and l^^-inch rivets heavy 
hammers are required to upset the iron and close the hi^le 
properly. This at once increat^ed the difficulty of ** holding up'* 
and of making a good job. The difficulty of setting by drawing 
or hammering the plates quite close together to make a tight 
joint also increases rapidly in plates over f inch thick, and 
altogether the quality of the work is not so reliable when very 
thick plates are used. Another reason for diminishing the ratio 
which the diameter of rivet bears to the thickness of plate is that 
with a constant ratio we soon roach too large a pitch to admit of 
keeping a tight joint, if we wish to retain anything like equality 
between section of plate and rivet. 

With 1-inch plates, in order to retain 60 per cent, of the 
Motion of the plate whilst making the plates and rivets at the 
joint equal in strength we should require 2-inoh rivets at 
6i inches pitch. 

Such a rivet is considered too large for closing up properly, 
unless with the aid of a very powerful machine, and 5| centres 
are too wide to keep tight at even moderate pressures with 
ordinary workmanship. Rivets of more than 1^- inch diameter 
are seldom if ever employed in boiler work. 
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The third column in the table gives the pitch required for 
eqoal section of rivets and plate between holes. The fourth 
column gives the pitch required in order to retain 60 per cent, 
of plate at the joint. On comparing these two columns it will 
be seen that in plates from i inch to \^ inch thick there is no 
great difference between the two pitches. With the thicker 
plates the difference is important. The pitch for 1-inch plates 
in column 3 only retains 53 per cent, of the plate section, but if 
we employed column 4 the wide pitch would leave the rivets 
with only 36 per cent, of the strength of the entire plate, or 
about 60 per cent, of the plate between holes. Column 3 would 
therefore give a stronger joint than the other. 

The average size of the punched hole in the plate being 
usually somewhat larger than the size assigned to it, and the risk 
of injury from punching being greater in thick than in thin 
plates, and also to allow for corrosion or waste at the lap, 
column 5 is given to work to, giving the section of the plate 
slightly in excess of that in column 3, and retaining about 60 
per cent, of the section in plates from i inch to -^ inch thick ; 
55 per cent, for plates from finch to ^ inch ; and 58 percent, 
for i|-inch and J-inch plates. 

Where the workmanship is not reliable it will be advisable to 
reduce the pitch slightly, or to increase the diameter of rivet in 
plates under f inch thick. 

The lap for single riveting should be equal to 3 times the 
diameter of rivet, and never more than 3 '3 times the diameter. 

Doiible'iriveted lap joints and butt joints with single strips 



Thickness 
of plate. 


Diomoter 
of rivet. 
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The piich given is aloDg one line of rivets. The strips should 
be slightly thicker than the plate, -^ inch for moderately thick 
plates, and ^ inch for very thick plates. Column 4 gives the 
pitch, along one line of rivets, required to retain 70 per cent, of 
plate between holes. With 1-inch plates this would make the 
strength of the rivets only about 53 per cent, of that of the 
pierced plate. In order to obtain equal strength in plate and 
rivet at the joint we should require for 1-inch plates If -inch 
rivets at 6i inch pitch. The difficulty is therefore obvious of 
obtaining a well-proportioned joint when using thick plates, 
with either single or double-riveted lap joints, at the same time 
retaining a good section of plate, and ensuring tightness. In 
using thick plates the best course to follow in arranging the 
joint is to fix upon the widest pitch consistent with tightness, 
employing the largest rivets admissible, and then determine the 
strength of the shell from the section of rivets or plate left 
between holes, whichever may be the wesJ^er. In plates up to 
•^ thick it is evident that 70 per cent, of section can be main- 
tained with a well-proportioned joint and moderate pitch. For 
plates under ^ inch there is an excess of strength in the rivets 
when using the pitch given. The diameter of rivets might 
therefore with advantage be slightly reduced, to make a tighter 
joint, for high pressures. When the boiler is double riveted 
throughout, |-inch rivets for f-inch and -j^g-inch plates, with 
2i inch pitch, might be used. It is, however, inexpedient to 
have different sized holes for single and double riveting in the 
same plate or boiler ; and as it frequently happens that the 
longitudinal seams of a boiler are double riveted, whilst the 
transverse seams are only single riveted, the same sized rivets 
have been used in making the above tables. 

The greatest difficulty in making a well-proportioned joint 
with the same sized rivets occurs when butt joints with double 
strips and lap joints come together in the same plate. In such 
a case we must either sacrifice the advantage of having the same 
sized hole throughout the plate, or have a badly proportioned 
joint in one seam or the other. On this account, when double- 
fished butt joints are used in the same plate with lap joints, 
the former may be made single and the latter double riveted ; 
in which case the same pitch and diameter of rivet might be 
judiciously employed, wore it not for the difficulty of keep- 
ing a tight joint in the butt arrangement, which necessitates 
the reduction of the pitch, unless the workmanship is veiy 
good. 
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The doable-riveted lap should be equal to 6 times the 
diameter of riyet, each line of rivets being ^d from the edge of 
plate. 

Double-riveted bntt jomU tinth dimble $trips. 



Thickness 
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In double-rivet«d butt joints with double covering strips, it 
will be seen from the annexed table, on comparing columns 
4, 5, and 6, that we cannot avail ourselves of the full strength of 
the double riveting when the rivets are in double shear, and 
must be content with 75 and 70 per cent, of section of the 
entire plate with thin and thick plates respectively. Smaller 
rivets than J" should not be employed, unless they are made 
with much larger heads than is the custom, in order to with- 
stand the effects of corrosion. On account of the difficulty of 
obtaining sufficiently strong punches smaller rivets than those 
given for the thick plates cannot be recommended. Where 
the holes are drilled this objection does not apply, and a 
different table may be arranged, commencing with i" plates 
as they stand and ending with 1" plates having ^" rivets at 
31" pitcL 

Besides the loss of strength due to the unequal distribution 
of the strain through the whole thickness of the plates in a lap 
joint, very thick plates are also liable to be much reduced in 
strength through the body of the plate by injury done in the 
excessive amount of setting they require where the transverse 
and longitudinal seams cross each other. For this reason alone 
butt joints should always be used at least for the longitudinal 
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seams with plates over f" thick. The width of the strip for 
double riveting should bo at least 9 times the diameter of rivet, 
and may, with thick plates, be made equal to 10 times the 
diameter, the distance from the centre of the holes to edge of 
plates and strips in all cases being eqaal to diameter of rivet 
multiplied by |. 



CHAPTER V. 

WELDING. 

The uumorous purposes to which wrought iron is applied 
could not be effected without its valuable property of welding. 
It is of the utmost importance that the effect of this process 
on the strength of the material should be properly understood, 
since there are more structures depending on the soundness of 
the weld than on the strength of the rolled or forged bar or 
plate. 

Mr. Kirkaldy made some experiments on the breaking 
strength of welded bars. The results varied greatly, showing 
a loss of from 2 '6 to 43*8 per cent., the mean loss being 20*8 
per cent., compared with the solid bar, the fracture taking 
'place in most instances partly through the solid bar and partly 
through the weld. The loss of strength in four "Farnley** 
1-inch square bars varied from 6 tons to 9i tons, the original 
strength averaging 28 tons per square inch. With 14 *' Glasgow 
Best Best " bars, varying from IJ inch to f inch square, the 
loss of strength varied from { tons to 11 tons, per square 
inch, the average loss being 8 tons. The oiiginal strength was, 
on an average, about 25^ tons per square inch. 

Mr. Kirkaldy found that in heating a bar of Glasgow B. 
Best iron to the welding point, and then allowing it to cool 
slowly, that the breaking strain was nearly the same as that 
borne by another piece off the same bar in the ordinary con- 
dition ; but the ductility of the iron was injured by the high 
temperature and want of hammering. 

Several experiments to determine the strength of welded 
plates have been made, and Vave given satisfactory results. Of 
these may be mentioned the trials at Woolwich on the strength 
of plates welded by the Bertram process, recorded by Mr. D. 
K. Clark. 

Tlie joints were of two description^, namely, the scarf weld 
and the lap weld. The tensile strength was found to b« 
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20 tons per square inch for the solid plates, ^, -^, and -f inch 
thick. Taking the strength of the entire plate at 100, that of 
the scarf weld for the -^ and |- plates was respectively 106 
and 102. The ^-inch weld proved faulty. The results from 
the lap weld, as might be expected from the unequal distri* 
bution of the strain at the foint, were not satisfactory, being 
respectively 60, 69 and 66. This makes the absolute strength 
of the two lap welded joints alike for ^- and f -inch plates, the 
|-inch plate having only ^ of the strength of the entire 
plate, whilst the | plate has } the strength, which may be 
accounted for by the more unequal distribution of the strain 
with the thicker plate. The meagre information respecting 
the fractures, and the fewness of the tests with each variety of 
weld and thickness of plate detracts very much from the value 
of these experiments as a standard for general use. 

Mr. Kirtley, in a paper read before '* The Institute of Me- 
chanical Engineers," records the results of some experiments on 
the tensile strength of strips of plate cut across the weld, 
which were taken from several boilers made with welded 
longitudinal seams. The strips were in three sets, 7^ inches 
long, the weld being in the middle of each piece. The follow- 
ing table gives the results of the tests ; the plates were 
■^^ inch thick : — 

Strength of welded plates. 



Width 

of 
strip. 


No. of 
strips 
tested. 


Broke 

in 
weld. 


Broke 
in 

BOUd. 


Broakin 
pe 
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15 
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23-8 
22-2 
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. 20-2 
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Total 


28 


11 


12 


16-5 


23-8 


20-6 


Also 11 strips of the same 
Tinwelded. 


plates 


20-7 


25-8 


23-6 



It appears from these results that half of the t«st pieces 
broke in the solid, and not at the weld. 

The average loss of strength of the 23 welded plates wa^ 
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only 12*7 per cent., compared witli the F.treDgth of the 11 
unwelded plates, the worst pieces showing as defective a weld 
as would occur in practice had 70 per cent, of the average 
strength of the unwelded plates. 

The weld is best made when the edges of the plates aria 
upset, at a red heat, by hammering or pressure, to nearly 
double their thickness, and bevelled to an angle of about 45^ 
The edges can then be heated siuuiltaneou^ly, and the weld 
made by hammering down the joint to the original thiokness 
of the plate. 



CHAPTER VI. 

CONSTRUCTION OF BOILERS. 

Since the plates are stronger lengthways than crossways, 
they are generally arranged in a cylindrical boiler shell, with 
the fibre running circumferentially, in which direction they are 
best disposed to resist the greatest strain due to the internal 
pressure. But owing to the greatest strain in externally fired 
boilers being along the bottom in a longitudinal direction from 
the sudden contraction caused by a rush of cold air, or by the 
delivery of cold feed water on to the bottom plates, some eogineerg 
prefer to arrange the plates with the fibre running lengthways 
along the boiler. By this arrangement the bottom plates are 
also more easily replaced, a circumstance of some importance 
with hard-worked externally-fired boilers, in which the furnace 
plates require frequent renewal. In order to avoid the great 
inconvenience and sometimes danger from the constant frac- 
turing of rivet holes, especially in the transverse seams over 
the fire, it is best to make the furnace plates of externally fired 
boilers sufficiently long to keep the first ring seam away from 
the influence of the entering cold air, and at the same time to 
set the boiler so that the end seams do not become intensely 
heated. This arrangement necessitates the use of a very largo 
furnace plate, since the width must be sufficient to keep the 
longitudinal seams also out of reach of the fire and entering 
cold air, which have a much less effect on the single than on the 
double thickness of plate that occurs at the lap joints. 

In short boilers, such as many of the useful little vertical 
class, the plates are most easily arranged in one length, with 
their fibre in the direction of the height of the boiler, thus 
saving the work in one ring seam. In all such cases where the 
plates are arranged lengthways along the cylinder, it is advisable 
to allow a greater margin of safety than when the plates are 
arranged lengthways round the cylinder. 
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Wherever a ring seam occurs the longitadinal seams should 
be made to break joint, for the sake of obtaiuing the increased 
strength due to this arrangement. This necessitates the thinning 
away of the inside plate comers where the overlap occurs. In 
order to avoid the labour that this involves, which i^ considerable 
when thick plates are used, the plates are very often arranged 
to break joint by one or two rivets only, as shown in fig. 9, 
page *l4f* This arrangement is but little stronger than having 
the seauis in one line, from end to end, and should never be used. 
It however saves the hammering that thick plates with lap 
joints have to undergo to make them fit at the ring seams, 
where the longitadinal seams break joint, which must in many 
cases damage the iron considerably, and to avoid this, as well as 
the nnequal distribution of strain involved by the use of the 
lap, the longitudinal joints at least should be made with double 
butt strips, in using thick plates. 

The courses or belts of plates that make up the length are 
usually arranged conically in stationary boilers, with the out- 
side lap facing backwards. When the boiler is set slightly in- 
clined towards the front end, this arrangement of the plates 
facilitates the draining of the water and sweeping out at the 
boiler bottom towards the front, where the dirt is usually 
removed. This advantage is greatest in internally fired 
boilers, which are difficult to clean. In externally fired boilers 
this arrangement of the ring seams saves the edges of the 
plate from the direct impingement of the flame, which takes 
place when the outside laps face the front. It is, however, 
more liable to interfere with the free contraction of the shell 
on the brickwork, which acts from front to back, and which is 
of more importance than freedom of expansion, the former 
being more sudden than the latter. 

In long vertical boilers it is customary to arrange the ring 
scams with the inside lap facing downwards, so as not to leave 
a projection for the incrustation to lodge upon. With the 
same object in view, some engineers also insist upon the longitu- 
dinal seams at the sides of locomotive boiler shells being 
arranged with the edges of the top plates inside, as they con- 
sider the liability to groove is increased when the edge of the 
inside plates face upwards, to form a ledge for the incrustation 
to accumulate upon. 

In locomotive boilers the belts of plating are nearly always 
arranged parallel, and of late it has become the practice with 
many makers to arrange them telescopically with the largest 
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diameter at tho firebox end, to which the sludge is drained 
for removal at the mudholes. This arrangement also allows 
room for a slightly wider firebox ; it also facilitates the arranging 
of the tubes, and, in many cases, tends to prolong the life of 
the firebox. 

Of late years it has become the practice with the best makers 
to use larger plates in the shell than formerly. In stationary 
boilers the size is usually limited by the weight the manufac- 
turers supply the plates at, without extra charge, which, as a 
inle, is 4 cwt. for plates of good Staffordshire quality. The 
greatest width, without extra charge, is usually about 4 feet, 
and the length is arranged to keep the weight of the plate 
within 4 cwt. ; but many engineers wisely prefer to incur the 
extra cost of using larger plates, and so reduce the number 
of seams and consequent risk of leaky joints and rivets as 
well as of grooving. Locomotive boiler barrels are frequently 
made with plates long enough to necessitate only one longitu- 
dinal seam in each belt of plates, which should be placed above 
the water level, where it is not liable to groove. In some 
oases the longitudinal seams are welded, and the ring seams 
made with outside covering strips. In order to still further 
increase the strength of the boiler whore there are no external 
fiues, strong wrought-iron rings are Bhrunk on at mid-length of 
each belting. To compensate for the strength lost by cutting 
out the rivet holes, plates with thickened edges are sometimes 
used for locomotive boiler barrels. As the thick edges are in 
the direction of the length of the plate, they can, unfortunately, 
only be used for the ting seams where the additional strength 
is least required in WQll-designed locomotive boilers. 

The strength of the cylinder and sphere has already been 
examined, and the resistance of flat and cambered surfaces 
partially discussed. In boilers of even moderate diameter, and 
under ordinary pressures, the fiat ends of ordinary thickness 
are so weak, if unstayed, that the bulging out would be ex- 
cessive, and would consequently tend to act with a considerable 
leverage, and wrench off the rivet heads securing the plate to 
the barrel, if attached in the ordinary manner by angle irons. 
The alternate bulging and straightening of the pi ite produced 
by the varying pressure in the boiler would also tend to pro- 
duce fracture through the line of rivet holes, or work open the 
fibres of the iron along the line where this action is most felt, 
and which is generally along the inside edge of the angle iron, 
or at the angle iron root, producing leakage, grooving, and 
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ultimately, fracture, which are treated of in the chapter on 
"Wear and Tear." 

It may be here remarked that the mode in which a flat, 
dished or cambered end plate is secured to the barrel materially 
affects its capability of resisting the effect of the internal stress 
upon it. The modes adopted are by angle iron, either internal 
or external, or by flanging either the barrel or end plate. 

Where stifihess is not required near the circumference of 
the barrel, as, for instauce, where it is desirable to leave room 
for the plate to spring, in the case of internally fired boilers, 
the angle iron should be applied outwardly, or the barrel 
flanged outwardly, to receive the end plate. 

As a rule, the flanged arrangements are less liable to grooving 
than when augle irons are used, and form the best mode of 
attachment, provided the plates are not too much reduced in 
thickness when the flanging is outward. In Cornish and Lan- 
cashire boilers, it is the custom to attach the front end plate with 
outside angle irons, and the back end with inside angle irons. 
The crowns of vertical boiler shells are usually attached by flanging 
or by inside angle irons. Where, however, in long boilers the in- 
ternal flue tubes are not more than 5'' or 6'' from the side of the 
barrel, outside angle irons should be used to allow the end-plate 
to spring. 

In small vertical boilers suflScient strength can be given to 
the end-plate by dishing it, which removes the necessity of 
staying it further than with the flue tube. In cases where 
there is a cluster of small tubes, the crown is best made flat 
for facility of tightening the tube ends, and in most cases 
sufficient strength can be given to this plate by increasing it9 
thickness within moderate limits. 

With a view to strengthen the furnace crowns of small vertical 
boilers, they are usually made with considerable camber. In 
many cases, howerer, this camber renders the plate too stiff and 
unable to spring without producing grooving ; a certain amount 
of play should be allowed, in order to accommodate the ex- 
pansion and contraction of the flue tube or tubes. 

Various methods have been devised for securing the internal 
furnaces of vertical boilers to the i>hell. The first that suggests 
itself is the old-fashioned solid ring, made out of a rectangular bar 
of iron. The depth of this ring should never be less than its 
width, as the pressure on the crown has a tendency to upset it. 
When the ring is shallow, the upsetting action frequently produces 
grooving in the shell plate, round the top of the ring. When 
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these rings are more than 8" "wide, and of equal depth, they 
t-hould he douhle riveted, to prevent leakage and grooving, if 
they have to carry a great load. There are more than half-a- 
dozen other methods, hut which do not call for remark. 

We shall now consider the various means used to strengthen 
flat and camhered surfaces, such as screwed and riveted bolts, 
stiffening ribs, girder stays, gussets, <Src. 

-Q'he difference in strength between screwed and unscrewed 
bolts, according to Mr. Kirkaldy, is influenced by the manner 
is\ which. the dies act upon the iron. Old dies have a harden- 
ing effect, which raises the breaking strength at the expense of 
the stretching, when compared with new dies or chasing tools^ 
which cut cleaner. The average tensile strength of a screwed 
bar, 1" and above in diameter, may be taken at 20 tons per 
square inch of the unscrewed section. It has been frequently 
assumed that bolts of small diameter — i" or ^'\ are superior 
in strength, section for section, to those of 1^'' and above ; 
but recent experiments do not bear out this assumption — at 
least, not to the extent asserted, some 50 per cent. 

In order to preserve the original strength of a tie bar, as 
well as to facilitate the operation of screwing it into the plates, 
it is customary to increase the diameter of the screwed por- 
tions. This also acts advantageously in allowing the bar to 
stretch when strained severely. A bar of ordinary quality 
and of uniform section throughout is found, under tension, to 
stretch considerably before breaking. The degree and regu- 
larity of the stretching depends principally upon the quality 
of the material If, however, the section of the bar be 
diminished in one or more places, the effect of the strain and 
consequently the stretching is confined to these weaker por- 
tions, BO that a bar with a narrow groove, like the thread of a 
screw, cut in it, scarcely stretches at all before breaking. It 
is for this reason that screwed tie rods, without swelled ends, are 
sometimes found to snap suddenly under severe strain, usually at 
the end of the screwed portion to which the stretching is 
confined. When the ends are thickened for screwing, so that 
the diameter at the bottom of the thread exceeds that of the 
rest of the bar, the stretching is no longer confined to one part, 
and the bar is better able to bear a sudden strain. 

The practice of turning the thread off the middle portion 
of locomotive firebox stays, or of swelling the diameter of 
the screwed ends, is sometimes adopted to render the stays 
more flexible, and consequently better able to bear without 
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injury the awkward transverse strains thrown upon thorn by 
the greater expansion of the inside firebox compared with 
that of the outside shell, which, in course of time, renders 
the iron stays in the upper parts of the box exceedingly 
brittle and liable to snap. Another advantage claimed for 
this plan of turning ofif the thread is that the even surface 
of an iron stay withstands the corrosive action of the water 
better than when it is screwed. For durability the stays of 
locomotive fireboxes are better made of copper, especially 
those that are in contact with the mass of incandescent fuel. 
With firebox plates not more than y^-" thick, the thinnest part 
of the stay, or the diameter at the bottom of the thread, 
should not be less than ^" when copper stays are used, or 
else they are liable to bend in hammering down the ends. 
This applies to stays even as short as 3" between plates. 
With stifier stays of iron the smallest diameter may be ^", 
On the other hand it is not advisable to make these iron stays 
larger than 1-|-'' outside diameter, with -^^ plates, as the extra 
amount of hammering involved in knocking down the ends of 
thicker bolts, with ordinary care, is liable to spoil the threads. 

In using water containing certain salts, the use of copper 
stays is sometimes accompanied by a rapid corrosion, which 
appears like countersinking of the inside of the iron plate round 
the bolts. This is usually ascribed to galvanic action. The heads 
of copper stay bolts should, in consequence, be made larger than is 
the usual practice, as, too often, little or no thread is left to 
depend upon. 

For plates less than i inch thick, the number of threads on 
the bolts' stay should not exceed 11 or 12 to the inch, in order 
to get a good hold when screwed into the plate. When the 
stay is not screwed into the plate it is usual to secure the ends 
with nuts and washers, which should be applied to both sides 
of the plate, to insure tightness or freedom from leakage. 
The thickness of the nut is usually made equal to the diameter 
of the screw. This allows a margin of strength to compensate 
for badly formed and loose threads. It has been found that 
where the thickness of the nut and diameter of the screw are 
as i to 1, threads of ordinary pitch, if well made, and a good 
fit. will not strip before the bolt breaks. 

Besides being screwed into the plate and having the end 
riveted over, or passed through the plate and secured by nuta 
and washers, longitudinal and other stay bars, which may be 
either square or round, can be secured to fiat plates by means 
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of pins, boltg, or cotters passing through angle irons or T irous, 
which impart stiffness to the plate they are riveted to. The 
practice of securing them by cotters and saddle plates is not so 
common as it was a few years ago. When pins or bolts are 
used they should always be arranged for double shear, either 
by forming double eyes upon the ends of the stay which 
clip the T u^oiiy or by forming a siugle eye on the stay and 
placing it between two angle irons through which the pin 
passes. 

In proportioning the sizes of the stay bar and its bolt so that 
they may be of equal ultimate breaking strength, the diameter 
of the bolts will usually be too small to afford sufficient bearing 
surface in the angle or T iron, which, except in locomotive 
boilers, seldom exceed |" in thickness, and soon fail by crippling 
or bulging. In order to increase the bearing surface on the 
angle iron and at the same time to impaiii additional stiffiiess 
to the structure, ^" or |'' plates about 6" wide are frequently 
riveted to these end angle irons in stationary boilers. Instead of 
using a very large single bolt to ensure sufficient bearing sur- 
face, it is better to forge a good deep T end upon the stay bar, 
which can be secured to the angle irons between which it is 
placed by three or four bolts of moderate diameter. 

A defect often met with in staying the ends of boilers is the 
omission of cotters through the pins when double eyes and 
single T irons are used. This omission allows the double eye 
to open out under strain, when it acts upon its pin with con- 
siderable leverage and bends it. These pins are sometimes 
found bent to an angle of 90° and totally inoperative. When 
the stay is secured by cotters and saddle irous care should ba 
taken to make the cotter of sufficient depth, since it is usually 
by its bending that this system fails. The hole through the 
saddle plate should not be cut larger than is absolutely neces- 
sary to let the stay pass, which is usually square. 

When the flat surface is of small area and the pressure is not 
great, stays or tie bolts are sometimes dispensed with, and stiff- 
ness is imparted by simply riveting angle or T irons to the flat 
plates. These are disposed radially or in which ever manner 
they can best be applied to take the strain, according to circum- 
stances. This mode of strengthening the ends of cylindrical 
boilers is very inefficient, and is unfortunately but too often 
employed. Numerous cases have occurred where it has been 
the source of much annoyance and loss. It is used chiefly by 
makers to save expense, or by those who have experienced 
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trouble from grooving and other evils caused by an injudicious 
application of gussets or other stays. 

It is sometimes argued that if the ends be prevented from 
bulging by stiffening ribs, any further staying to the shell or 
from end to end is superfluous, as the rivets securing the end 
to the shell are sufficient of themselves to prevent the end from 
being torn off. This argument can, however, only apply to a new 
boiler, for it is found that the ever-varying strains to which the 
flat surfaces of boilers are subjected, often in the course of time 
seriously affect the strength of these stiffening ribs however well 
they may have answered at first. Cases have occurred where 
T iron ribs on the ends of internally fired boilers have become 
crippled with the working pressure after a few years' use, and 
yet showed no permanent set when the boiler was tested by 
water at double the pressure when new. In the cases referred 
to, the T irons were not injured by corrosion, which would have 
caused them to fail much sooner. The loss of strength can only be 
ascribed to the injurious effect of the continually varying strain. 

The circumstance appears to be sometimes overlooked that 
the pressure against a flat end plate merely stiffened and not 
stayed, exerts an awkward strain on the rivets and heads at- 
taching it to the shell angle iron, and a trying transverse strain 
on the plate at the line of attachment, in consequence of which 
plates strengthened in this manner often fail from tearing 
through the line of rivet holes. 

It is only in cases where the diameter of the boiler is very 
small, or the pressure very low, that stiffening ribs are to be 
recommended. In some instances they can be advantageously 
applied as auxiliaries to longitudinal and gusset staying. 

In boilers of considerable length, say 20 feet and upwards, 
it is necessary to support or suspend the longitudinal stays, and 
unless they are secured by nuts at one end at least, they should 
bo divided at mid length and provided with a double socket and 
tvro cotters to draw them taut. It is of the flrst importance 
that the arrangement of longitudinal staying should not inter- 
fere with the efficient cleaning or examination of the inside of 
the boiler. But in too many cases the stays are made so small 
in section and consequently many in number as to render it 
quite impossible to reach all parts of the boiler. For facility 
Df cleaning and examination as well as for efficient staying, gus- 
sets should bo used in preference to any other method for 
strengthening the flat ends, unless the boiler is of such small 
length compared with the diameter as to render the application 
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of efficient gussets as great an impediment to cleaning as longi- 
tudinal staying. 

In all Ciases where single gnsset plates are used they should 
be secured to the shell and ends by double angle irons with the 
rivets in double shear, and not by single L irons or T irons with 
the rivets loosely inserted and acting with scarcely any effect. 
Double gusset plates and T irons are not to be recommended 
owing to their greater expense, when single plates and double- 
angle irons can be made to do as well. Some makers set and 
fix their gussets to the shell before the end plate is attached. 
This enables the gusset to be made of one plate. When,' how- 
ever, the gussets are applied subsequently to the fixing of the 
end plates, they require to be made in pieces sufficiently narrow 
to admit of their introduction through the manhole. The 
former of these methods requires greater skill to make a good 
job, but forms a better stay than the latter. When the stay 
consists of a single gusset plate, and where its length and 
strength of attachment on the shell side is sufficient to resist 
the tendency of the strain to move it in a longitudinal direction 
or to turn it on a point near the comer formed by the end 
plate and shell, it will fail by crippling at the rivet holes, or by 
shearing the rivets securing the plate to the end, or by drawing 
off the rivet heads securing the angle irons to the flat end, which 
must therefore be made sufficiently strong to bear the strain 
where most severe, which will be at the centre of gravity of the 
sector when the gusset is arranged radially. 

When the stay consists of a gusset plate and diagonal plate, the 
strength of the latter must be considered separately as a diagonal 
stay. It may, however, be remarked that a considerable portion 
of the strain that would otherwise come upon the diagonal plate 
is distributed by the angle iron over a portion of the gusset plate ; 
and where the edges of the two plates are Mso butted well to- 
gether the whole stay may be considered as a solid gusset plate. 

There can be no doubt that where applicable a gusset forms 
the best stay, especially in cases where it is of great depth, 
which enables it to act effectively over a great length of plate. 
In the event of the end plate giving way through the rivet 
holes or along the edge of the angle iron securing it to the boiler 
shell or flue tubes, the gusset pla**) if well secured would bo 
more likely than any other kind ot stay to hold the end plate 
in its place and allow the pressure to diminish gradually through 
the rent formed, instead of blowing the plate completely away 
and causing a violent explosion. 
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lu cases where considerable pressure is used, it is advisable 
to extend the length of the gusset along the shell and secure it 
to the second belting of plates, and not to the first only, which 
is the usual practice. Long, plain, cylindrical externally fired 
boilers being liable to break their backs, should have their ends 
tied together with stout longitudinal plate or bar-stays properly 
suspended or supported where necessary. These stays are not 
»o much intended to prevent the occurrence of transverse seam 
rips as to prevent the two ends flying off in opposite directions 
if a transverse rent should occur, and so far are meant to pre- 
vent an explosion, or at least to greatly mitigate its effects. 

Straight furnace tubes attached by angle irons or flanges to 
flat plates and small tubes riveted over at the ends may be 
regarded as stays for the plates they unite. When, however, in 
the case of a cluster of small tubes the plates are thin and of large 
area the tubes alone cannot be depended upon, even when ferniled 
and riveted over at both ends, and their efficiency as stays should 
be increased either by prolonging some of them beyond the plates 
and screwing nuts on their ends, or by inserting at proper di»- 
tances longitudinal stays secured by nuts both inside and out. 

It must be remembered that in longitudinal tubes heated 
internally either all round their circumference when vertical, 
or only on their upper surface when horizontal, the greater 
expanaion of the tube compared with that of the shell, throws 
a severe strain on the end attachment and stays, over and 
above that due to the pressure. This happens only with tubes 
of too large a diameter compared with their length to accommo- 
date themselves to the expansion by bending, and it is only 
after the expansion due to the heat has been allowed by the 
bulging of the end plate or stretching of the shell and stays, 
that the tube can be regarded as a stay at all. It is, therefore, 
obvious that such tubes should have freedom to expand and 
contract without throwing undue stress on the rest of the boiler, 
which is best effected by imparting to the end plates the least 
amount of rigidity consistent with safety, which may be done 
by keeping all the stays the greatest distance allowable from 
the tube, and by making the flat ends as thin as may be 
expedient. 

The fiat ends of tubular boilers, at least up to 8 feet 
diameter, should always be made in one plate, either solid or 
welded, and not in several pieces, which are so liable to leak or 
groove at the riveted joints, 

llio usual method of calculating the pressure acting on stay 
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bolts, is to consider each bolt m sustaining the pressure against 
a certain area of the plate to which it is attached. In water* 
space staying the area is measured by 
the rectangle contained between four itg. 13. 

l)olts, as in fig. 13. /' ^ 

Where the pressure is very great, ) o o o 

as in locomotive boilers, the strength \ .— 

of the plate is not taken into account, / | I 

the whole pressure being regarded as 1 | : 

borne by the stays. Water-space stays / ^ ' 

should be made to bear at most one- \ o O O 

eighth or one- tetith their breaking strain, ) 

or say 4000 lbs. per square inch, to ^^ — - 

ensure sufficient strength being left when they are wasted by 
corrosion. The whole surface of the stay bolt is exposed to the 
corrosive effect of the water, whilst only one side of the plate 
is exposed. 

The size of the stay may be found by the following 
formula : — 

^_ sg X P 
4000 

«?here A = area of each bolt ; s = distance between centres, and 
P = working pressure. 

When the area of the bolts is given, the distance of the 
centres can be found as follows : — 



..y- 



4000 "x A 



In determining the diameter of stay, it is usual to make it 
twice the thickness of the plate. 

To render the inside of locomotive and similar boilors more 
accessible, the end plate stays are sometimes arranged diago- 
nally and secured to the shell, and in various other descrip- 
tions of boilers diagonal stays are used instead of longitudinal. 
These diagonal stays should never be attached to the inside 
furnaces or furnace tubes, where they are liable to cause trouble 
by their tendency to arrest the expansion and contraction of 
the plates. The resultant tension is greater on a diagonal thao 
on a longitudinal stay, and may be found thus : — 

P 

cosin A 

r 9 
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where D = tension on diagonal stay ; P - pressure against end 
plate^ and A the angle which the stay makes with the direc- 
tion of tLe pressure against the flat plate. 

In fig. 14, if we make S 
Fig. li. the distance between the flat 

plate E, and stay attachment 
B = the pressure at right 
angles to the plate which is 
supported by the stay, the 
tension D will be represented 
graphically by the centre line 
T of stay. 

We are indebted to Sir 
W. Fairbaim for some experiments on iron and copper screwed 
stay bolts, let into copper and iron plates similar to locomo- 
tive firebox staying. 

Ist, A J" iron stay with enlarged head screwed and riveted 
into a f iron plate, failed by breaking through the shank with 
12*6 tons, the screw and plate remaining uninjured. 

2nd. A similar arrangement, but with a copper plate, failed 
with a load of lO'tT tons, the head tearing off, and the copper 
threads stripping. 

3rd. A f iron stay with enlarged end screwed into a 
f copper plate, and not riveted, was drawn out of the plate 
by 8 '1 tons, the copper thread stripping. 

4th. A ^'' copper stay with enlarged end, screwed and 
riveted into a f " coppper plate, broke through the shank with 
7 '2 tons, after stretching ^y"* 

The above results may be arranged as follows : — 





Breaking 
weight. 

Tons. 


strength 

distributed 

over 26" area, 

this would 

give lbs. per 

square inch. 


Strength 
distributed 
over W area, 
this would 
give lbs. per 
square inch. 


1st. Iron into iron, screwed 

and riveted . 
2nd. Iron into copper, screwed 

and riveted . 
8id. Iron into copper, screwed 

only .... 
1 4 th. Copper into copper, screwed 

and riveted • 


12-6 

10-7 

8-2 

7-2 


1120 

9eo 

726 
645 


1750 
1500 
1134 
1008 
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The fiist of these results shows that f " length of screw, sup- 
plemented hy a riveted head, is fully equal in strength to the 
bolt. 

Comparing the second and fourth results, we find that an 
iron stay is 50 per cent, stronger than the copper stay, both 
being in copper plates. 

The method of locomotive firebox staying was still further 
tested by the same eminent authority. Two boxes were con- 
structed, each 22" square, having 2|" water space between f " iron 
and J" copper plates, stayed with \^" iron stays, having enlarged 
ends screwed into the plates, and riveted. In one box the 
stays were arranged at 5" centres. On the application of 
water pressure the sides began at 455 lbs. per square inch to 
bulge outwards between the stays. At 815 lbs. the constr ac- 
tion gave way, the head of the central stay being drawn 
through the copper plate. In the other box the stays were 
placed at 4" centres. The bulging began at 515 lbs., increas- 
ing to 995 lbs. ; from this to 1295 lbs. the increase of the 
bulging was inappreciable ; it then increased till the pressure 
.reached 1600 lbs., when it amounted to one-third of an inch. 
At 1625 lbs. the f " iron plate gave way by the thread strip- 
ping, and allowed one of the stays to be drawn through. 

In this last experiment the iron plate and not the copper 
one was the weakest, whilst the stays remained sound. The 
greatest stress upon each stay was 9 tons for those at b" centres, 
and 11^ tons for those at 4" centres. The actual breaking 
strength of the stays would be about 16 tons. 

Comparing these last results with the first of the other set 
of experiments, we find the thread in the iron plate 14 per 
cent, weaker under conditions approaching nearer to those iu 
actual practice than obtained in the experiment when the platt 
stood sound at 12*5 tons. The bulging of the plate may 
account for the decrease of strength, as it would cause the plate 
to be drawn away all round the screw, especially on the 
inside, and would therefore diminish the efliciency of the 
threads. With a similar box, but having the stays at 9'' or 
1 0" centres, it is very probable the bulging would be so great 
as to enlarge the holes, and allow the centre stays to draw out 
without even stripping the threads. 

Whatever value the above experiments may have in proving 
that for similar arrangements the bolt is weaker than the plate, 
and that the usual practice of locomotive firebox staying is 
sufl&ciontly strong, they afford no sufficient data ou ^vhioh to 
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base the ultimate strength of the plates themselves, as fur 
instance when the stays are better secured by nuts and washers 
instead of by riveting over. For want of better information 
we are still justified in proportioning our stayed surfaces 
according to the theory advanced on page 23 — that the 
strength of flat stayed surfaces is inversely as the square of the 
distance of the stays, the thickness being constant, and with 
the same distance of stays the strength of the plate varies as 
the square of the thickness, and may be expressed by the 
following formula ; — 

where P s pressure, s = distance between stays, c = a con- 
stant, which we may take at 54,000 for iron plates, h = thick- 
ness of plate. If we take 6 as the factor of safety, c 
becomes 9000. ' 

When the pressure and thickness are given, we have, 



.=v/ 



ThTc 



from which formula the following table of distances of stays foi 
different pressures with |" -jTy" and J" plates is calculated. 



Pressure in 




Centres of stays 




lbs. per 
8qiuu*e inch. 








r plates. 


T^" plates. 


J" plates. 


20 


lU 


13 


15 


80 


H 


103 


32. 


40 


8 


H 


lOi 


50 


7: 


^ 


9, 


60 


64 


n 


8- 


70 


6 


7 


8 


80 


51 


H 


74 


90 


5i 


H 


7 


100 


5 


5; 


63 


110 


4i 


54 


61 


120 




5, 


H 


130 


4^ 


5 


55 


140 


Ij 


4S 


58 


150 


4i 


H 


160 




4i 


H 


Dia. of stay 


1" 


1" 


U; 
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As tbe unstayed surfaces are calculated from the centres of 
the stay bolts, instead of from the edge of the head or actual 
point of support, the above table gives a greater margin of 
safety than 6, and the centres may be increased Ig" for f " 
plates ; 1^" for yV plates, and li" for J" plates. The htreugth 
of the bolts must be increased to correspond with the increase 
of surface ; and instead of the sizes given at bottom of the table, 
they will vary from 1 to Ij, from 1^ to If, and from 1| to Ij 
respectively for pressures of from 20 to 160 lbs. The increased 
distances can only be relied upon where the stays are secured 
by nuts, or where these are not admissible, by strong, stout, 
riveted heads, not liable to waste away, and not where the 
paltry flat heads so generally used are employed. 

As, however, 1", 1^" and 1^" are for |", -Jy* and J" plates 
respectively, the largest diameter of stay that admits of having 
proper sized heads formed by hammering, without injuring the 
threads, these diameters should limit the widest centres of 
stays, when nuts are not used, at different pressures, which may 
be found by the formula already given at page 99. 



y4000 X 



A 



It may be remarked that the centres of stays in locomotive 
fireboxes are seldom determined by the thickness of metal or 
pressure, 4" centres being the general rule for firebox staying, 
whether the pressure be 100 lbs. or 180 lbs., or the plates be 
■f^" or -f". The centres in this case are determined chiefly 
by the capability of the copper plates in the furnace to resist 
bulging when they become over-heated, which often happens, 
especially when the water is bad. 

The abovo experiments of Fairbairn were made on plates and 
stays at an ordinary atmospheric temperature, and cannot 
therefore be taken as a standard for the strength of copper 
plates in a firebox. In treating of the properties of copper, it 
was stated that its strength diminished rapidly with an increase 
of temperature, some experiments having shown that 25 per cent. 
of its tensile strength was lost at a temperature of 600°. When 
the water is very bad, there can be no doubt that the tem- 
perature of the plates rises considerably above this. This cir- 
cumstance accounts for f " and J" copper plates stayed at 4* 
centres sometimes failing after two or three years' work, under 
a pressure of from 1 00 lbs. to 140 lbs. The character of the 
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failure varies in an unaccountable manner ; sometimes the plates 
are rent for a considerable length in a straight line between two 
rows of stays, and in some cases, especially when the stays are 
wider apart than usual, or about 6% the bulged plate gives way 
at its apex, the course of the rent being diagonal to the stays. 
The position, also, of the rupture varies in different cases. 
Frequently the crown plate gives way first, which may be 
accounted for by the deposit from the water settling on this 
plate. When the water is very bad, the partial choking up of 
the side and end water spaces, partioularly when they are 
cramped, impedes the free ebullition of the water, and overheat- 
ing, as in the other case, ensues. 

The flat crowns of locomotive and portable boiler fireboxes, 
and of combustion chambers, are not usually directly stayed to 
the outer shell, like the ends and sides of the fire-boxes, but 
are strengthened by stay bolts and nuts suspended from wrought- 
iron girder stays, which should be bedded firmly on the tops of 
the end or side plates, but by preference on the former. These 
girder stays are either forged solid, or they are made of two 
plates, with a space between, for the bolts, and are riveted 
together at the ends. To avoid having an undue thickness of 
metal, as well as to preserve a water way for circulation, and 
cleaning out, a clear space of at least 1^ inch should be left 
between the roof plate and girder stay. In order to enable the 
stay bolt to be tightly screwed up, without bending the plate, 
it is the usual practice to insert ferrules between the plate and 
stay. Another plan is to forge projections on to the solid stay 
bottom, which serve as distance pieces, and into which the stay 
bolts are tapped from the under side. Both these methods act 
also with advantage in imparting great strength and stiffness to 
the whole. The plate is thus made to act as a bottom flange 
to the girder, and is fixed at the ends, whilst the web is merely 
supported at both ends. The girder is therefore of a compound 
type. For want of sufficient experimental data from which to 
deduce a rule for the strength and stiffness of this arrangement, 
we must confine our attention to the strength of the stay itself, 
using a smaller factor of safety in consequence of the strength 
imparted by the bottom flange. The stay may then be taken 
as a beam, uniformly loaded, and supported at both ends. Its 
strength can therefore be determined by the usual formula, 

w; _ c 6dg 
8^6 
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Where W = distributed weight, = j ressnre x (distance be- 
tween girders x length of span == p x ^ X I 
I =: length of span in inches, 
c = modulus of rupture = 54000. 
h = breadth in inches. 
d =: depth ,, „ 
p = pressure in lbs. per square inch. 

The length of span being given as well as the pressure and 
width between girders, the breadth and depth are the unknown 
quantities usually required. The breadth vaiies from ^ to ^ 
the depth, and may be taken at jth, which is about the average. 
Taking the factor of safety at about 3^ the formula for the 
depth becomes 



'=y 



P X S^ 
6000 



In girder stays of long span one-fourth the depth will be 
found too much for the thickness, and may be made one-fifth, 
the depth being increased to correspond. 

As wrought-iron bars under a transverse strain deflect con- 
siderably before they break, the useful strength of wrought-irou 
girder stays must be estimated by the amount of deflection it is 
safe or expedient to allow, and not by their actual breaking 
weight. It has been found that in bars, whose depth is not 
less than about one- tenth their length, the deflection due to a 
load less than that required to overcome the limit of elasticity, 
or about one-third the breaking weight, is trifling, and when the 
strength is proportioned accordingly the bar may be regarded as 
sufficiently stiff. 

When a girder stay of known proportions has been found to 
answer under a certain pressure, it is sometimes useful to know 
how its stiflhess is affected by the alteration of pressure, or of 
its proportions. The conditions of stiffness are shown by the 
following formula : 

PW _ 

I = length of beam, b = breadth, and d = depth^ 
c = a constant quality, and d = deflection. 

From this it is seen that the deflection of a beam is directly 
as the weight and cube of the length, and inversely as the 
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breadth and cube of the depth. In order to preserve the same 
Btifliiess, the depth must be increased in the same proportion as 
the length, the breadth remaiDing constant. With a constant 
depth the stiffness will remain unaltered when the breadth is 
as the cube of the length, or when 6 Ms as 2. 

The usual method of staying firebox crowns by girder stays 
has the disadvantage of causing half the load on the crown plate 
to be concentrated upon a few portions of the end plates. With 
a large firebox this load is frequently more than that required 
to crush the copper and produce distortion of the tube holes. 
In order to avoid this and the great size of the stay, necessary 
in very long fireboxes, if arranged longitudinally, the girder 
stays are sometimes arranged transversely. In whichever man- 
ner these stays are placed, too great care cannot be taken to 
make them sufliciently long, and to bed them firmly and evenly 
on the end or side plates, in order that the weight may come 
directly on to these, and be carried by the foundation ring of 
the firebox instead of by the roof plate, which is sometimes the 
case when the censurable plan is adopted of not letting the 
girder stay ends project pasc the ends or sides, but merely to 
rest on the crown plate, thus throwing the weight on the 
Joints, or portion of the roof that is ill calculated to bear the 
strain. 

In order to relieve the foundation ring of the great strain 
that would otherwise be thrown upon it, some of the girder 
stays are usually secured to the outer shell crown by sling stays 
attached to angle or T irons. 

A plan of arranging the girder stays, adopted to a consider- 
able extent on the continent, is to carry them right across the 
firebox crown, and secure them firmly to the outside shell 
sides, which must bo carried sufficiently high to admit of this 
arrangement. The formula for calculating the strength of 
these stays is that for beams uniformly loaded and fixed at both 
ends. 

Another anangcment is to fix the girder stays in a longitu- 
dinal direction to the outer shell crown. In this case the stays 
usually consist of plates secured by angle irons to the shell, 
with double-angle irons below, to which the firebox crown is 
stayed by bolts in the usual manner. This and most of the 
arrangements of girder staying interfere greatly with the wash- 
ing out and cleaning of the crown, which rapidly wears out in 
consequence. In order to obviate this defect, and at the same 
time to get rid of the cumbrous weight and mass of these heavy 
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stays the practice is becoming now more general of staying the fire- 
box crown to the outer shell like the fddes and ends. The 
outer shell crown plate is in some such cases made flat^ which 
renders the attachment of the stays more easy, and allows the 
outside plate to spring, and so accommodate itself to the ex- 
pansion and contraction of the firebox, to which it is now 
rigidly attached. Where the outer shell is circular the stnys 
require to be arranged to allow sufficient play at the ends of 
the inside crown for the vertical expansion and contraction of 
the side and end plates. 

In order to preserve the cylindrical form, the tubes in the 
best made Cornish and Lancashire boilers are welded at the 
longitudinal joints when made of iron. In using steel and 
where the workmanship of the welding cannot be relied upon 
in iron tubes, butt joints with strips on the water side should 
be used. These longitudinal seams in the furnace plates 
should in all cases be kept below the fire bars, whether the 

joint be lap, butt, or welded. Steel tubes are usually con- 
sidered stronger than iron in the ratio of 6:5. The usual 
means of strengthening furnace tubes by dividing them into 
short lengths ia to join each belt, or every second or third belt, 

according to the strength required by T-iron rings, "Adamson " 

ring seams, or ** Bowling " hoops. 

In using the first method (fig. 15) which imparts great (some- 
times too great) rigidity to the tube, the flange in contact with 

the tubes should not exceed the thickness of the plate, or say 
i" as a rule, but the perpendicular flange may be made stronger. 

By making the successive belts of plate to butt closely 

together, a practice which is still sometimes stupidly adopted, 

too great rigidity is imparted to the tube, and grooving on the 

water side at the edge of the y-iron flanges is sure to follow. 

Owing to the difficulty of efifectually caulking such a joiut, 

either in a single or w ^^ 

two-flued boiler, when ®* 

a leakage occurs at the 

water spaces, it cannot 

be stopped, and the 

tube must be even- 
tually replaced by one 

of better design. lii 

order to ease the tube, 

and to allow of efficient caulking at any time, which can be 

done all round the tube on the fire side, a clear space of at 
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least 1" between the plates should always be allowed^ as shown 
in fig. 15. This also lesseus the liability to overheat at the 
seam by keeping dowD the thickness of material. To make 
a good job by this mode of stroDgthening, accurate workman - 
fihip is required, as the two lengths of tube which are embraced 
by the same ring should be of exactly the same diameter, or 
the joiut will give trouble. 

A better means, however, of strengthening than the above 
is the Adamson or Hanged seam (fig. 16), which has long been 
used with success. It necessitates 
^^S- 1^» the use of good iron in the first 

place to ensure sound flanging, 
which is, however, sometimes not 
skilfully done, and the plates are 
seriously reduced in thickness at 
the edge. In many boiler works 
this flanging is economically done 
by suitable machinery in one or two heats, which ensures a 
better job being made, and distresses the plate less than 
the repeated heating with the common method. An advan- 
tage of vital importance when steel is the material to be 
operated upon. The strip of plate between the flanges is 
used rather to admit of sound caulking from the fire side, than 
to add strength. The root of the flange should not have too 
small a radius, say not less than f in the inside, or the plate 
will be liable to become grooved on the crown by the alternate 
expansion and contraction, the allowance of which is one of the 
advantages claimed for this seam. The grooving of the flange, 
which frequently takes place, especially at the end attachment, 
is easily repaired by riveting over it a piece of thin plate. Not 
the least important advantage in this seam is that it keeps all 
the rivet heads and plate edges away from the fire, which 
/ renders it eminently suitable for a furnace joint. The pressure 
inside the boiler also tends to keep the joint closed. When 
any defect requiring repairs occurs at the joints, either to the 
plates or rivets, in the narrow water spaces at the sides of or 
between the tubes in Lancashire boilers, or at the bottom 
of Cornish boilers, the inaccessible position renders repairing 
very diflBcult. 

The bowling hoop (fig. 17) in iron or steel is of more recent 
date, and has not been so largely applied as the other two 
methods. Its shape precludes the objection of too great rigidity, 
but like the T-iron hoop, it has the disadvantage, when used 
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to oounect the furnace plates, of placing a joint, along with a 
doable thickness of plate in the fire. 

Fig. 17. 




Another method of strengthening tubes consists in making 
the contiguous belts that make up the tube of two diflferent sizes. 
The ends of the smaller belts are flanged to a "L shape to re- 
ceive the larger lengths, and these flanges impart strength to 
the tube. 

It has also been proposed to strengthen tubes by making 
them of corrugated plates, the corrugations running at right- 
angles to the axis of the tube. 

In many second-rate boiler works, instead of using any of 
the above means for strengthening the tubes, it is a common 
practice to apply one or more welded or jointed T or angle iron 
hoops (figs. 18 and 19), secured to the tube plates by rivets, 
which should not be more than 6'' centres apart. 



Fig. 19. 
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In order to avoid overheating by having an undue thick- 
neM of metal, about an inch water space is maintained between 
the hoop and the tube by means of ferrules, as shown. As 
these have no duty but to act as distance pieces they are best 
made very light, and everything should be done to keep the 
Kpace as clear as clear as possible to avoid overheating. With this 
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object in view, T iron hoops should never be employed. Their 
extra strength is totally unnecessary, and their increased width 
acts injuiiously in preventing the escape of the steam from the 
tube surface, and in harbouring the incrustation and deposit to 
a greater extent than the narrower L iron flange. The usual 
size of angle is from 3" X 3" to 2 J" X 2^' X i". A section of 
3" X ^i" X i" might, however, be used with advantage. This 
would be found quite strong enough, and much lighter than 
the sections usually employed. 

These strengtheniug rings are frequently found riveted to the 
body of the plate, without any water spaces at all, or with the 
water space so small as to be practically worthless, the circu- 
lation of the water and removal of the accumulated dirt being 
entirely prevented. The result of this practice is overheating, 
the effects of which are unmistakably exhibited in cracked 
rivet-holes and consequent leakage and corrosion. 

It frequently happens that strengthening hoops require to 
be added to boilers already in use, or after their construction 
is completed. In such cases angle irons should be used, and in 
order to get them through the manhole they require to be made 
in halves. In putting these round the tubes their ends should be 
carefully butted together, and secured by double fish-plates, 
with at least two rivets at each side of the butt They can 
then be secured to the tubes with rivets passed through light 
ferrules, about one inch deep, and at not more than 6" centres. 
In Lancashire boilers, with very narrow middle and side water 
spaces, the perpendicular flange often requires to be cut away 
to clear the shell or the other tube, and care should be taken 
that it clears properly when put on and when the boiler is at 
work, and also that the incrustation does not effectually bind it 
to the shell after working some time. The corresponding hoops 
on the flues of Lancashire boilers should be placed two or three 
inches clear of each other. When these hoops come in contact 
with the shell or with each other, they interfere with the free 
action of the tubes, which frequently leads to leakage, fractured 
rivet holes, and started seams. 

There can be no doubt that the "Adamson " seam is the only 
one whose principle recommends it for the furnace end of a 
tube where the joint is unavoidably exposed to the action of 
the fire, and it should be applied in all new boilers to the furnace, 
whether the collapsing strength of the tube requires it or not. 
However liable to cause slight overheating the angle iron hoop 
may be, it shoiild nevertheless be applied round the furnace. 
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to all unsbreDgthened tubes iu use, as a precaution against a 
collapse on a large scale, in the event of the furnace crown 
becoming overheated. 

Cylindrical, conical, oyal, and rectangular water-tubes are 
often used as a means of strengthening boiler flue tubes of both 
cylindrical and elliptical section. Where the side and middle 
water spaces are very small in Lancashire boilers, these water 
tubes are preferable to encircling hoops, as they offer at the 
same time one of the best means of improving the general 
circulation of the water in the boiler, which is always defective 
when the water spaces are less than 4", even with a clean 
shell. To facilitate their application to boilers in use water 
tubes are sometimes with advantage fixed in a sloping direc- 
tion fore and aft in the tube. The Galloway tube, however, 
offers the greatest facilities of application, besides being the 
best in shape for promoting the circulation. 

Whore several water tubes are applied as means of strength- 
ening a cylindrical flue tube, they should be arranged yerticall}^ 
and inclined sideways to break joint, but never quite hori-* 
lontally, or in one line from end to end. When water tubes 
are used behind the bridge, the furnace itself, when cylindrical, 
should still be strengthened by an encircling hoop, to prevent 
a serious collapse, as already observed. The ends of water- 
tubes should always be flanged for new boilers. Angle irons 
only add to' the risk of leakage, but may in some cases be used 
with advantage in old boilers, as they facilitate the application 
of the tube. Some boiler-makers weld-in their water- tubes 
to avoid leakage from joints or rivets. No doubt the motive 
is good, but when the tube requires cutting out for replacing, 
the welded part also generally requires to be removed, and 
causes a very large hole to b<) made in the flue tube. 

Water pockets in the sides of the flue tubes are also em- 
ployed to a considerable extent, instead of water tubes passing 
through the centre. They certciinly have the advantage of 
allowing a freer passage along the tube for cleaning and ex- 
amination than ordinary 6" or 6" water tubes, which are often 
injudiciously applied only three or four feet apart to tubes of 
even less than 2' 3" diameter, and prevent the passage of any 
but a very small adult ; the cleaning in consequence becomes 
neglected, and the reduction in the evaporative speed and 
economy of the boiler inevitably follows. 



CHAPTER VII. 

BOILER MOUNTINGS, ETC. 

The subject of boiler mountings may be fitly introduced by 
a few remarks on their proper mode of attachmeni| which is. 
too often overlooked. 

The first object to be sought is a good joint, which will 
ensure freedom from leakage, and its accompanying evils. At 
the fiat ends and fiat surfaces, which can be readily dressed up 
to form a good face there need be no difficulty in making a tight 
cement joint, by bolting the mountings directly on to the plate, 
provided that the plate is not liable to bulge by the pressure, 
and the flange to be bolted is not too thin, and the studs or 
bolts are not too few and far between, and not too small to 
admit of the nuts being tightly screwed up. The proportion 
between the stififness of the flange and the number and size of 
bolts employed is a simple consideration too frequently not 
sufficiently con/^idered. 

On a curved surface, however, like a boiler-barrel, or hemi- 
spherical end or dome crown, an ordinary cement joint with 
bolt studs cannot be depended upon for tightness. In all such 
cases the mounting should be attached to a seating securely 
riveted to the plate. This seating may be suitably made of 
cast iron, from a pattern tried on to the curved surface. When 
the aperture in the plate is not of the roughest description, a 
good joint with the plate can be ensured by caulking from the 
inside. But in order to provide against any uncertainty in the 
fit of the casting, and to enable the joint to be caulked on the 
outside, it is sometimes recommended to interpose a layer of 
sheet iron about i" thick between the casting and the plate. 
With careful workmanship and ordinary skill this refinement 
is not necessary. 

In certain cases seatings of wrought-iron, brass, or cast- 
copper, admitting of caulking inside and out. are applied with 
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advanjbage. The surface of the seating, which receives the 
niountijag, being flat in all cases, can be truly faced and a per- 
fectly tight joint insured. 

The form of the seating admits of some little variety, and 
may be left to individual taste and judgment 

The application of riveted Beatings is rendered doubly neses- 
sary when the attachment to the plates is concealed from view 
by brickwork or other covering. Yet they are often objected 
to on the score of expense. The outlay, however, in many 
cases would be far better applied in providing suitable Beatings 
than in attaching a dome, which in the great majority of cases 
is an useless and cumbersome appendage. 

Where the mounting is attached once for all, there need 
be no difficulty in making a faced joint tight with a tbin film 
of cement. But in cases where the joint is periodically broken 
and remade, as, for instance, at the manhole, the faces are 
liable to become uneven from rough usage, and the perfect 
tightness is no longer easily obtained. Cement being no 
longer proof against leakage, resort must be had to cord, 
india-rubber, copper wire, or what is sometimes found to 
answer better than anything with rough faces, namely a piece 
of ^" or J" lead pipe carefully arranged, with the ends over- 
lapping within the circle of bolts. An excellent plan of 
making a tight joint is to cut a semi-circular ^-inch groove 
in each of the two faces, into which a copper wire is 
inserted, with the ends brazed together, and sufficiently thick 
to keep the faces from close contact when the joint is screwed 
up. The faces of manhole and mud hole-mouthpieces are often 
destroyed by attempts to wedge off the covers when those are 
difficult of removal. The reckless insertion of chisels*, drc, 
may be avoided by providing two tap-bolts at opposite points 
in the cover. On screwing these up against the face of the 
Beating the cover is gently but irresistibly removed. 

THB FEED APPABATUS. 

Every boiler should be provided with its own independent 
feed back pressure valve. In too many cases reliance is 
placed upon the pump valves and the check valve, fitted to 
Bome injectors for preventing the water being forced back out 
of the boiler by the steam pressure. Now, in the case of ft 
single boiler the pump valves may be considered as a sufficient 
safeguard against the loss of water by the way it entered, if 
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fcbere be no way of escape between tbe boiler and the pumpii 
But it so frequently happens, during the life of a boiler, thai 
branches are added to the feed delivery pipe terminating in a 
stop valve, or tap, which requires to be closed and opened by 
band, whereby a great risk of emptying the boiler is incurred, 
that it is advisable to fit a check valve to every new boiler in the 
first instance. With respect to the check valve on a Gififard's 
injector, its action cannot be depended upon, as it is usually 
inverted, or, at the best, placed horizontally. Boiler feed check 
valves should never be placed horizontally, as, when the cloRing of 
the valve is not assisted by its own weight, the back pressure 
of water from the boiler often fails to make it act. 

When two or more boilers are fed from the same pump, it 
is necessary that each should be furnished with a back pressure 
valve. The system, but too common, of providing each boiler 
merely with a stop valve for regulating the feed has led to 
numerous explosions, from the water being syphoned out of 
one boiler into the other. The presence of a stop valve between 
the pump and boiler should always be accompanied by a relief 
valve, to prevent risk of bursting the delivery pipe by closing 
the stop valve with the pump at work. 

There are two descriptions of feed back pressure valves in 
general use, viz. : ball clacks, and mitre valves with feather 
guides. The casing may be made of cast iron, but the valve 
seat and lid must be of brass, or rather guu-metaL Ball valves 
are usually employed in locomotives, as they act more freely, 
are less prone to stick fast, require less frequent renewal, and 
are generally more suitable for the high speed of pump attained 
in locomotive working. Mitre valves are also sometimes used 
for locomotives, especially with injectors, and nearly always for 
stationary boilers, where they are readily adapted to act also as 
stop valves, by having a spindle made to screw down on the 
valve lid, by which the amount of lift can be regulated. A 
common but dangerous practice is to have this spindle attached 
to the valve. By this arrangement its closing can be pre- 
vented, and it is thereby rendered non-self-acting and useless 
for a back pressure valve. 

Two common defects met with in the design of back pres- 
sure valves are, 1, the allowance of too much lift, which quickly 
biings about the destruction of the vulve and seat, so far as 
tightness is concerned, by the hammering action they undergo, 
especially with a quick stroke pump. 2. The delivery branch 
to the boiler is often not kept sufficiently high above the valvoi 



FEED APPARATUS. 115 

and the obamber ubove the valve is not made sufficiently large. 
This, causing the back pressure to act on the side of the valve, 
instead of on the top, leads to the unequal wear of the seat, if 
it does not actually prevent the valve from closing properly. 
These two defects, which often escape detection, have been the 
cause of endless trouble in keeping theae valves tight. One 
quarter-inch left is as much as any valve should have, and in 
many cases ^^'^ lift should not be exceeded. The average rate 
of flow through the valve is 400 feet per minute, and should 
not exceed 600 feet. In order to diminish the blow on the 
valve, an air vessel is sometimes added, and also a valve for 
the admission of air on the suction side of the pump. To save 
che pipe 'from bursting, it is obvious that the size and lift of 
the pump valves should be governed by those of the check 
valve. 

A great diversity of opinion exists respecting the best position 
for the introduction of the feed water. The usual practice is 
to admit it near the bottom in all kinds of boilers. Whether 
this is theoretically correct with a view of obtaining the maxi- 
mum evaporative efficiency depends upon the description and 
arrangement of heating surface. There are, however, practical 
considerations which completely overrule any supposed or actual 
saving of fuel to be derived from introducing the feed at the 
lowest point of the boiler. When the water enters at a very 
high temperature the results obtained from difference of posi- 
tion will of course bo less marked. 

In externally fired boilers the usual plan is to carry the feed 
pipe from the crown down to within a few inches of the boiler 
bottom, which receives the impact of the cold water. The 
natural tendency of this mode of delivery is to lower the tem- 
perature of the plates in the vicinity of the feed pipe orifice 
every time the water enters, thus increasing unnecessarily the 
wear and tear of the boiler. When the feed is not heated, and 
the plates on to which it is delivered are exposed to a high 
temperature, this practice is simply dangerous, and is one of the 
most frequent causes of transverse seam rips. Even with feed 
water at a high temperature, say 1250% the difference between 
this and the temperature of the plates may still be very great. 

When the pipe is cut short, say two feet from the bottom, 
the injurious effect of the entering water is no doubt diminished, 
but, even in this case, when the supply, sufficient to serve half- 
a-dozen boilers, is concentrated for a time on a single boiler, 
the water must be injected with great force upon the plate 
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beneath. A plan frequently adopted to prevent the cooling 
effect on the plates is to fix a vessel under the mouth of th9 
pipe to receive the feed. By this means the water is also better 
distributed, as it overflows by displacement from the sides of 
the vessel. With some waters this vessel may be made to act 
usefully as a sediment collector. 

In Cornish, Lancashire and similar t^oilera, the feed is usually 
delivered near the bottom, either tlirough an aperture in the 
front end plate, or through a vertical pipe from the crown, or 
by the bottom blow-out pipe. This practice appears to be due 
to the prevalent opinion that by delivering the cold feed at a 
high point in the boiler the furnace crown seams are liable to 
be started, and that the cold water should be admitted as far 
below the steam as possible, to prevent any condensing effect it 
might produce. In multi-tubular boilers of the locomotive 
type, the feed is admitted at various points in the firebox 
and barrel according to the practice prevailing in different 
localities. 

Now, in most iutemally-fired tubular boilers there is a con- 
siderable amount of dead water at the bottom which remains 
comparatively cold long after steam is being formed above where 
the heat is greatest, and it seems opposed to common sense to 
prolong the existence or increase the quantity of this dead watei 
by admitting the cold feed at the bottom, where it has a ten- 
dency to remain. By introducing it at a higher point in the 
boiler, the comparatively cold water naturally tends to descend, 
in consequence of its superior gravity, and promotes the circula- 
tion by displacement. In its descent, which may be retarded 
by the circulation, the water becomes heated, and thus tends to 
equalise the temperature above and below, and thereby lessens 
the inequality between the temperatures of the top and bottom 
of the shell, which is so destructive to the boiler. 

Another circumstance in connection with this matter, which 
is too often lost sight of, is the importance of preventing as much 
of the water as possible from being forced back through the 
feed inlet, in the event of the back pressure valve not acting 
properly — by no meaas a rare occurrence brought about 
by defective condition, or by the obstruction caused by chips 
or pieces of incrustation lodging on the valve seat. This 
consideration alone should go far to determine the best point 
for the feed delivery, and consequently in the best boiler practice 
the feed apparatus is arranged to deliver an inch or two below 
the lowest water level. By this arrangement the furnace crowns 
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of internally fired boilers, and the hot side plates of externally 
fired boilers, are not liable to be suddenly drained dry in the 
event of the feed-check-valve becoming inoperatiye. In order 
to guard against any risk of starting the furnace-tube seams of 
internally fired boilers, the feed should be admitted through a 
horizontal perforated pipe, having the end closed, from four to 
eight feet long, placed just below the lowrest water level. By 
this means the water is well distributed, and can have no 
sensible effect in contracting the plates. By making the internal 
feed-pipe of considerable length, an opportunity is afforded of 
raising the temperature of the entering water before it mixes 
with the water in the boiler. 

In using feed water containing much bicarbonate of lime in 
solution, the elevation of temperature causes such a rapid pre* 
cipitation of the lime salts, that the perforations become rapidly 
choked up, which leads to serious inconvenience. With water 
of this description, it is advisable to use a short internal pipe, 
only a few inches in length, ending in an open trough, or pipe 
of larger diameter with the upper side cut away. The distri- 
bution of the water is by this means still maintained, whilst the 
liabib'ty to choke up is to a great extent removed. 

In the locomotive class of boiler it is difficult to apply any 
internal feed arrangement, and experience has proved that from 
fehe difficulty, and, in many cases, the impossibility, of frequent 
examination, it is safer to leave them off, in consequence of their 
liability to choke up \rith deposit. The same remark applies 
with almost equal force to small vertical boilers internally fired. 
A short pipe, delivering just below the water level, can in all 
cases, however, be attached to the feed-valve, and arranged so 
as not to inject the water against the furnace plates or tubes. 
The feed inlet should never be placed near the tube plates or fire- 
box plates in locomotive boilers, since the contraction produced 
by the impingement of the cold feed is sure to make the tubes 
leak, if it does not crack the plates. This applies also to cases 
where an injector is used for feeding, notwithstanding the high 
temperature at which the feed is introduced. When the feed- 
valve is placed on the shell crown of horizontal boilers, the 
vertical pipe should be provided with a perforated T-pipe end, 
attached so that it can be easily removed for cleaning. In in- 
ternally fired boilers the feed valve is best placed on the 8id« 
of the front end plate, where it is most accessible. 

When placed on the shell crown, the valve should be work- 
able from the boiler front by means of gearing suitably arranged 
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to be witliiu reach of the fireman at his post near the ^mace 
door and water gauge. The feed supply should always be 
regulated to keep the water level as nearly stationary as pos- 
sible. This can usually be easily managed when the demand 
for steam is regular. It is far better for the boiler than the 
oareless but common practice of allowing the water level to fall 
periodically a few iaches and rapidly raising it by turning the 
feed full on. The rapid introduction of a large body of cold 
water frequently causes leakage at the rivets and joints, and 
increases greatly the wear and tear of the boiler, not only by 
suddenly contracting the plates, but also, indirectly, by reducing 
the steam pressure, and necessitating heavy firing, which again 
gives trouble by the piiming it causes. 

It is very important that the feed water should be introduced 
into the boiler at as high a temperature as possible, both with 
the view of maintaining an even temperature throughout the 
boiler, so as to reduce the wear and tear arising from unequal 
expansion and contraction, and also to effect a direct saving in 
fuel when the feed is warmed by the exhaust steam or waste 
gases. The mode of estimating the saving to be effected by any 
increase in the temperature of the feed is given on page 308. 
It may be remarked that the value of an efiScient apparatus foi 
heating by the waste gases is greatest when it is used in con- 
nection with boilers badly proportioned or badly set, which 
allow a great waste of heat up the chimney. 

The feed-water may be heated in various ways. In con- 
densing engines it is usually supplied from the hot-weU, where 
the temperature is usually about 100°. In non-condensing 
engines it may bo heated with the exhaust steam, either by 
surface or injection. The usual plan for heating by surface is 
to force the water from the pump to the boiler through a spiral 
or serpentine coil of pipes, enclosed in a suitable casing, through 
which the exhaust steam passes. Another plan is to let the 
exhaust escape through ono or more pipes surrounded by a 
narrow annular space, through which the feed is slowly forced 
into the boiler. The objection to all effective surface heaters 
by exhaust steam is their liability to become furred up when the 
water contains a considerable quantity of lime-salts, the deposit 
of which rapidly diminishes the efficiency of the apparatus, and 
may in course of time prevent the passage of the water-alto- 
gether, unless the pipe is sufficiently large to admit the^£|^ma- 
tion of a coating thick enough to keep down the temperature 
of the water below the point of precipitation. 
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The usual plan of heating by injection is to cany the exhaust 
pipe into an open or closed tank containing the water to be heated, 
upon the surface of which the current of steam is directed. By 
regulating the influx of the cold water the temperature of the 
water in the tank can usually be maintained at the boiling point. 
The water may be heated both by the exhaust steam and the 
waste gases, by suitably arranging the annular chamber round 
the exhaust so as to receive the heat from the escaping gases. 
The most eflective plan of heating by the exhaust is to allow 
the water in the form of spray to fall from the top of a vessel 
through the ascending current of steam. Where but little 
grease is used in the cylinder, and the water is good, heating 
by injection can be used with great advantage, but where the 
water contains much carbonate of lime or magnesia, the presence 
of these salts, in combination with the grease, leads to leaky 
joints, fractured rivet holes and bulged plates, and other effects 
of overheating, 

There are various plans for heating the feed by the waste 
gases. The water is sometimes led through a coil of pipes 
placed in the smoke-box or external flues. These apparatus 
are usually very efficient at flrst, when they are arranged across 
the current of gases, but their efficiency rapidly diminishes as 
the pipes become coated with soot and flue dirt, which usually 
happens unless the surface of the pipes is kept clean by con- 
tinual scraping. With an efficient apparatus in contact with 
the gases escaping at between 600° and 700^, the feed may 
be heated when the boiler is at work to 25 O'' or more. 

In heating by exhaust steam from a non- condensing engine 
the feed can at the best only be raised to the boiling point 
corresponding to the barometric pressure, or to a temperature 
of about 212°. 

Since nearly all heating apparatus are liable to derangement 
from furring up, and from joints or pipes breaking in inacces- 
sible positions, it is advisable to have a duplicate and reliable 
direct communication between the pump and the boiler in cases 
where the stoppage of the boiler for a few hours is attended 
with great inconvenience. 

SAFETY VALVES. 

^K safety valve should be large enough to allow all the 
steam that may be formed in the boiler to escape with sufficient 
rapidity to prevent the initial blowing-oflf pressure being ex< 
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oeeded by more than aboat 12 per cent. The quantity of steam 
generated will depend upon the amount of fuel consumed, and 
the amount of water evaporated per lb. of fuel in a given 
time. These quantities are again dependent upon the size of 
fire grate and rate of combustion, and upon the quality of fuel, 
and the extent and efficiency of heating surface. 

Instead of estimating by the heating surface it is, however, 
more convenient to take Mie maximum quantity of water that 
can be evaporated per lb. of fuel in any given boiler, which we 
may take at 10 lbs., whence we have — 

S= g X c X 10 ^ yc 
3600 360 

where S = lbs. of steam generated in one second, 
g = area of fire grate in square feet, 
c = rate of combustion in lbs. per square foot of grato 
per hour. 

The velocity at which dry steam at more than 11 lbs. 
above atmospheric pressure escapes into the atmosphere, ac 
cording to Mr. McFarlane Gray, is approximately represented 
as follows : — 

Yo 

where W = weight of steam in lbs. discharged per square inch 
of opening per second, and P = pressure in lbs. per square 
inch above zero. 

In order that the steam may be discharged as rapidly as it 
is formed, the area of the safety valve aperture, or A, must 
S 
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The velocity of discharge will, however, be governed, to 
some extent, by the dryness of the steam, and by the arrange- 
ment of the valve and its adjuncts. If the aperture be not 
sufficient to discharge the steam as quickly as it is raised, tho 
pressure will increase, but not indefinitely. By the eleva- 
tion of temperature and pressure the density of the steam and 
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tho rale of efflux, will be incieaised, and also at the same time 
the lift of the valve, whilst the load (except with springs) and 
rate at which the steam is generated remain constant, bo that 
aov increase of pressure due to insufficient size of valve soon 
reaches its limit. 

It might seem reasonable to suppose that when the pressure 
lifts the valve from its seat it would continue to do so until 
the aperture of efflux is equal to the area of the valve, that is, 
until the valve rises to a height equal to ^ its diameter^ in the 
case of a flat disc valve. 

It is, however, found that safety valves seldom rise more 
than about -iV of an inch from their seats, unless the pressure 
at which they commence to blow oif be very considerably ex- 
ceeded ; the diameter of the valve should therefore be calculated 
for a lift not exceeding -^^ of an inch. In order to obtain 
sufficient area it is better to increase the number than the size 
of the valves when the diameter is as much as Ave inches. 
The opening for the escape of steam with a conical valve is 
less than the lift; for a cone of 46°, the decrease is in the ratio 
of 7 : 10. 

As the extent of heating surface may be considerably in- 
creased or diminished without materially affecting the evapo- 
rative power of the boiler, those rules for the area of safety 
valves based simply upon the area of heating surface are not 
of much value. Moreover, as the evaporative efficiency of the 
heating surface is not easily determined, the maximum efficiency 
of the heating surface should always be taken. The rules 
based upon the size of fire grate are not generally applicable, 
since the maximum rate of combustion, which must be assumed 
in these rules, varies in different kinds of boilers. 

The valves in common use may be divided into two classes, 
according to the form of the joint made by the lid with its 
seat, viz., disc valves, having a flat-faced joint, and mitre or 
conical valves, with which may be also included spherical 
valves. 

Flat disc valves are guided either by inside wings, central 
spindle, or outside pins. In their favour it is urged that they 
aro much less liable to stick fast than conical valves, and when 
this is the circumstance that determines their selection in any 
case, the outside pin guide arrangement should, in consistency, 
also be adopted. On the other hand, an objection to this class 
of valve is the difficulty of keeping a tight joint at high pres- 
bures for a reasonable length of time. At 120 lbs. pressure it 

Q 
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ia almost impossible to make the joint tighb at all with a flat 
face I in eh or more in width. Another objection is tho tardy 
escape of steam past the wide face, the direction being at 
right angles to its flow before reaching the valve, which leads to 
a considerable rise in pressure compared with that at which the 
valve lifts. 

Id favour of the mitre yalve is the greater facility in keeping 
the joint steam tight when the bearing surface is not made too 
wide. A mitre ^ inch in width is quite sufficient, and is 
found to answer far better for valves, at least up to four inches 
diameter, than bearings i or -^ inch, which are more common. 
The usual and best angle for the cone is 45^ The liability to 
stick fast increases with the acuteness of the angle, and it 
should, therefore, n^t be less than the above. It is sometimes 
urged against the efficiency of the mitre that it requires a 
greater lift of valve for a given opening than the flat face. 
Experience shows, however, that even as usually made, the 
mitre valve does not allow such a great elevation above the 
initial blowing-off pressure in the boiler as the other, the 
diameter of valve, rapidity of evaporation, and the pressure 
being equal in both cases. 

At first sight it might be supposed that the exposure of an 
increased area of valve lid to the reaction of the steam pressure 
as it becomes lifted from its seat, especially in the case of a 
disc valve with wide bearing, would cause the valve to bo still 
further lifted, and so favour the escape of steam. Tlus, how- 
ever, does not take place, and can be accounted for by the fact 
of the steam under the facing being in a state of motion, at 
right angles, in the case of a flat face, to the resistance, and not 
a vertical dead pressure, as it was before the valve lifted. Any 
increase of exposed seating area does not appear to have any 
influence in facilitating the efflux of steam by causing a greater 
lift ; but on the contrary, the increased area diminishes the 
amount of escape from a disc valve to such an extent as to lead 
to a considerable rise, in some cases as much as from 12 to 
20 lbs. above the initial blowing-off" pressure of 60 lbs. or 70 lbs. 
The excess of area on the top of the valve, above that which is 
exposed to the steam pressure when the valve is on its seat, has 
to bear the additional unbalanced pressure of the atmosphere 
when once the valve is lifted. No doubt this has some influence 
in resisting the rise of the valve, especially with low pressures 
and wide faces. In connection with this flat-faced valve, it may 
be mentioned that the curious eflect has been observed of the 
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valve lid being rather drawn to the seat than repelled, and 
tnaiutained at a certain distance, which diminishes as the initial 
blowiog off pressure is increased. It is by many supposed that 
a valve once lifted will not close again until tho pressure be« 
comes reduced in proportion to the increased area exposed to 
the steam when the valve lid is off its seat. That this is the 
case to some slight extent there can be no doubt, but not to 
such a degree as is generally supposed. The quantity of steam 
escaping after the pressure has subsided to the initial blowing- 
off pressure is usually only very small, and is much less with a 
mitre face or sharp edge than a wide flat face, which does not 
appear to cut off the current of steam so readily. 

The valve lids are at present guided chiefly by inside wings 
or feathers, or by a central spindle. The former is decidedly 
6he better plan, as the spindle is liable to get bent or stick fast 
by corrosion or dirt, which sooner or later insinuates itsel£ The 
wings are often made too good a flt, and stick fast when the 
valve becomes hot, especially when the casing is of cast iron, 
and the valve-lid is of brass. The method of guiding by outside 
pins is now rarely employed. Spherical valves require no 
guiding on their seat, and are in consequence less liable to stick 
fast, a most important advantage in a safety valve. 

Safety valves are weighted either indirectly by levers, or 
directly by weights or springs. When the valve-lid is pressed 
down by a projection on the under side of a straight lever, an 
awkward lateral thrust is thrown upon the valve, in consequence 
of the centre of rotation being above the point where the thrust 
takes place. By bending down the fulcrum end of the lever 
sufficiently, this lateral thrust can be avoided. "When, however, 
the weight is transferred to the valve by means of a pin looso 
under the lever, or secured by a double eye and bolt, the angular 
thrust is practically obviated. Instead of the pin bearing on the 
top of the valve, it is better made to act below the face or joint, 
whereby the angularity of its action is diminished, and the 
weight acts by pulling rather than thrusting, which produces a 
steadier action on tho valve. 

Another point in connection with the position of the fulcrum 
is that when the load is transmitted to the pin at a point below 
the centre of rotation of the lever, a rise of the valve reduces 
the leverage with which the load acts. This can be practically 
avoided by keeping the point at which the lever presses on the 
pin in the same horizontal line with the axis of rotation. 
Theoretically speaking, a feature common to nearly all straight 
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lover arraogements is that the leverage is reduced by the end of 
the lever moving in an arc when the valve rises. Tlie reduction is, 
however, so slight in most cases as not to be worth considering. 

A serious drawback in lever safety valves as usually con- 
structed, is the liability of the pins or bolts at the fulcrum end 
to become fast by rusting, or from getting clogged with grease 
and dirt. The liability to corrode may be reduced by making 
the pins, double-eyes, or lever ends of gun metal. But in all 
cases it is better to do away with the centre pins altogether, 
and make the lever to turn on a knife-edge case-hardened, by 
which the friction is reduced to a minimum. 

Lever safety valves, as usually constructed, are easily tam- 
pered with, and readily prevented from operating efficiently, if 
not altogether. It too frequently happens that the lever is 
made much longer than necessary for the blowing-off pressure 
with the weight provided. This allows the attendant, or any 
one actuated by mischief or malice, to increase the pressure in 
the boiler sometimes to as much as 100 per cent, above the 
safe working pressure. In order to prevent such an occurrence 
the lever should always be cut to the length suitable for the 
maximum pressure the boiler i» intended to be worked at, or 
the range of the weight should be limited by means of a pin 
permanently fixed iu the lever. Sometimes the weight is 
secured to its position by a padlock, whioh can be removed 
only by the owner, or other responsible pe'-son. On the oppo- 
site side of the valve casing to* the fulcruni, there is usually a 
guide for the lever to work in, which, instead of being a simple 
fork, is made with the top bridged over. This bridge is in- 
tended to prevent the lever rising sufficiently high to allow the 
valve to be blown away in the event of the weight dropping off. 
Such an arrangement should, however, never be adopted, as it 
offers an opportunity of wedging down the lever and valve hard 
and fast, too often taken advantage of by reckless a:2d careless 
attendants, when the valve is not steam tight for want of re- 
grinding, or when the free escape of steam becomes trouble- 
some. The commonest plan of overloading is to add to the 
regular weight, bricks, pieces of metal, or any other heavy 
article at hand by which the safety of the boiler may be en- 
dangered. In order that any overloading may be readily 
detected, onlyone weight should be allowed on the lever, and tfai4 
should be on the end. To facilitate the operation of regrinding 
the safety valve, the lid should always be provided with a square 
or canted piece cartt on, or other handy means for turning it round. 
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Where the boiler in closely housed in, and inconvenience is 
likely to arise from the steam escaping from the valve, it is 
nsuaily led away by a waste pipe communicating with the 
casing round the valve. These box or bonneted safety valves, 
as they are called, add another source of danger in the spindle 
between the lever and valve, which, being made to pass through a 
liole or stuffing box, is liable to corrode, or otherwise stick fast. 
There should always be a small pipe to draw off the water, 
which, sooner or later, acc:imulates in the waste pipe, and 
which, if allowed to remain, will not only cause trouble by pro- 
venting the free escape of the steam, but becomes so much 
additional dead weight on the valve. In frosty weather this 
accumulated water is liable to freeze and choke up the escape 
pipe when the boiler is at rest, so as to render completely use- 
less the means provided for relieving the pressure in the boiler. 
When a hole is provided in the bottom of the waste pipe, with- 
out other means for conducting the water away from the boiler, 
the plates near the safety valve often suffer seriously from cor- 
rosion. When it is required to keep the boiler house free from 
steam', the best plan is to carry the pipes or branches right 
through the roof, and fix the safety valves outside the building, 
care being taken that they are in a conspicuous and accessible 
position. The valves in this case should only be of external 
dead- weight construction. 

In order to ascertain the weight necessary to apply at the 
end of the lever to balance a given pressure on the valve, there 
must be taken into account the load on the valve, due to the 
weight of the lever, as well as the weight of the valve itself 
and connections, which forms an increasing proportion to the 
total load, as the steam pressure is reduced, and the amount of 
leverage is diminished. The leverage with which the weight of 
the lever acts is measured by the distance of its centre of gravity 
from the fulcrum. The centre of gravity is easily found by 
balancing the lever on a knife edge, and the weights of the valve 
and lever can be ascertained by actual weighing. 

The resistance due to the weight of the valve and lover is, 
however, best ascertained by lifting the lever on its place, hav- 
ing the valve temporarily attached, with a suitable spring 
balance applied exactly over the valve centre. But as this is 
done with the boiler at rest, it does not take into account the 
extra amount of friction thrown on the fulcrum pin by the 
pressure, and on the valve guides by the indirect thrust of the 
load when at work. 
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Tho required weight at the end of the lever ia found by the 
folloAving formula : — 

Fig. 20. 



W={(PxA)-(VH-!iip)j^ 



(1) 



Where W = weight at end of lever, 

L z= distance between weight and fulcrum, 

w = weight of lever, 

g = distance of centre of gravity of lever from fui* 

crum, 
P = pressure in lbs. per square inch above atmosphere, 
V z= weight of valve, 
A = area of valve, 
I =z distance between valve centre and fulcrum. 

When the load is given and it is required to find what steam 
pressure is balanced on the valve, we have 



(u? X flf) + (L X W) 



+ V 



)* 



(2) 



When the load and pressure are given, we have for the length 
of lever 



L = {(PxA)-(V.!£^)j^ 



<3) 



The lever is sometimes prolonged beyond the fulcrum, and 
provided with an adjustable weight, which is set to balance the 
weight of the lever and connections. With this arrangement it 
is advisable to counterbalance the weight of the valve as well. 
The formulee for finding the weight at the end of the lever, <&c., 
are then simplified, and stand thus : — 



W = 



PAi 



(4) 
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(6) 


W 


(«) 



Wlion the lever is pressed down by a spring balance at its 
extremity, a rise of the valve produces a considerable increase 
of pressure by the increase of extension or compression of the 
spring. It is customary to arrange the proportions of the 
lever so that 1 lb. per square inch on the valve is equal to 1 lb. 
pressure of the spring balance. With this arrangement the lift 
of the extremity of the lever is measured by the rise of valve 
multiplied into its area in square inches. This lift of the lever 
end in inches multiplied by the number of lbs. to the inch in 
the graduation of the balance, will give the additional load in 
lbs. per square inch placed on the valve by the mere act of 
rising. It is obvious that this additional resistance involves a 
corresponding increased pressure of the steam to obtain its dis- 
charge through the opening of the valve, over and above that 
which is always required to compensate for the loss of lifting 
pressure under the valve due to the motion of the steam at 
this part, and to overcome the resistance offered by the atmo« 
sphere. For example, if we take a four-inch valve, and sup- 
pose it to rise -^ff inch, this will give a rise at the end of the 
lever equal to 0'05 X 12 56 = -628 inch. If the graduation 
of the spring-balance be 25 lbs. per inch, this will give 
•628 X 25 = 15 '71 lbs. per square inch, additional resistance 
to be overcome by the steam in order to get a lift of ^j^ inch for 
the escape of steam. 

Since the load pressing the valve down increases as the square 
of the diameter, whilst the area of the aperture increases only 
directly as the diameter of the valve, it is obvious that by in- 
creasing the diameter the increase of pressure necessary to 
obtain a given area of opening increases more rapidly than the 
opening for efflux, or that a large valve will involve a greater 
excess above the initial blowing-off pressure to obtain a given 
area of discharge than a small valve, the spring balance in both 
cases having the same rate of graduation. The increase of 
pressure from the extension or compression of the spring can 
doubtless be reduced to any extent by increasing its length ; 
but in practice the length of spring is limited by circumstances 
of convenience. This additional resistance also occurs with a 
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spring acting directly upon tlie valve, the decrease in motion 
being balanced by a corresponding increase of resistance in the 
spring. Arrangements to compensate for the increase of resist- 
ance due to the rising of the valve, by reducing the leverage by 
means of a bent lever, have been successfully adopted. 

In graduating the spring balances for locomotive and othet 
valves, the proper weight can be found by formula (1), or allow- 
ance can be made for the weight of valve, lever, and connec* 
tions. When the lever is proportioned so that 1 lb. at its 
extremity balances 1 lb. per square inch pressure, on the valve, 
or when L =z A ^, 

W = P — i. /v + i!L><J') (7) 

This shows that in graduating the balance we have only to 
make the scale lighter by the amount of load due to the weight 
of lever, valve, &c., when this has been ascertained. For ex- 
ample, if the constant load is found to be 7*5 lbs., the extension 
of the spring balance produced by 12*5 lbs. weight must be 
marked 20 lbs. ; that produced by 22*5 lb. weight, 30 lbs., and 
and so on. 

In graduating spring balances it is perhaps the rule rather 
than the exception to disi-egard the load due to the lever and 
valve. It is alleged in support of this practice that the extra 
area exposed to the pressure of the steam when the valve rises 
from its seat fully compensates for any excess of load not marked 
on the scale. For instance, with a 4-inch valve, having a 
■jV-i^ch bearing there will be an extra area amounting to '4 
square inches; this, multiplied by 60 lbs. , would give 24 lbs., 
which mighl balance the load of lever, valve, <fec., with a stationary 
boiler, but in the case of a locomotive working at 120 lbs. 
pressure, we should have an increase of pressure, on this assump- 
tion, equal to 48 lbs., which is decidedly too much. In fact, 
to carry out this argument we should have to proportion the 
bearing of the seat to suit various conditions of pressure, size of 
valve, <Src. However, the increased exposed area of valve on 
lifting, as we have aJready noticed, has no material effect in 
facilitating the escape of steam. 

Some makers profess to specially graduate their spring 
balances at the testing of the boiler with water, when the various 
degrees of pressure at which the valve lifts are noted from a 
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reliable gauge, and the spring balance scale is marked off ac« 
cordingly. This method has certainly the advantage of taking 
into account the increase of load due to friction at both ends of 
the lever, and on the valve, if there should be any lateral 
pressure. But it is difficult to reconcile the alleged success of 
this method with the well-known fact that an ordinary valve 
will let water escape more readily than steam at the same 
indicated i)ressure. This method of graduating spring balances 
would bo far better carried out with steam than with water. 

Formula (2) gives, approziooately enough, the pressure at 
which the valve will rise, when the arrangement, workmanship, 
and condition are not decidedly bad ; but the amoimt to which 
the steam pressure will rise above that at which it commences 
to escape will depend upon the degree of pressure itself, as well 
as upon the character of the valve and speed of evaporation. 

Directly loaded or dead-weight safety valves, as they are 
called, are loaded either internally or externally. The latter 
mode is much to be preferred, as any attempt at overloading or 
tampering can be more readily detected, and the valve cannot 
be jambed down intentionally by fixing a strut between the 
weight and the boiler crown. The great load hanging on the 
spindle of an internal dead-weight valve has been known to 
drop off, or to break the spindle when it has been weakened by 
concealed corrosion. When this happens, the valve is blown 
away, and the discharge of steam and hot water are likely to 
prove disastrous, unless the valve is enclosed in a strong casing. 
The large bulk of metal used for loading a large internal dead 
weight valve is extremely inconvenient inside a boiler. In 
order to prevent the suspending spindle from getting bent by 
any one pushing past inside the boiler, the load should always 
be made free to swing. 

The valve most likely to be found proof against neglect 
and malice is that of the external pendulous dead-weight con- 
struction, known as the "Cowbum" valve. Being directly 
loaded, it requires very considerable over-weighting to cause a 
serious rise of pressure within the boiler ; and the application of 
any irregular weights can be readily detected. Having no 
cross-bars, there is a clear way for the steam to act on the valve, 
which being spherical requires no guides or feathers to stick 
fast. The issuing steam, by impinging on the cylindrical weight, 
tissists in lifting the valve from its seat. From observing the 
action of a great number of valves of various descriptions, the 
writer has been led to conclude that the " Oowbum" valve is the 
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most sensitive and reliable, and at the same time relieves the 
pressure more quickly than any other valve commonly used. 

For stationary boilers spring balances should never be used, 
nor should the ordinary lever valve, in consequence of the facility 
with which it can be rendered inoperative. All spring balances 
for locomotive and portable engines should be provided with 9 
ferrule between the nut and the spring casing, to prevent the 
valve from being screwed down beyond the blowing* off pressure. 
Sometimes, however, the thread on the spindle is made just of 
sufficient length to meet this object. In all cases where spring 
balances are used it should be ascertained that the spring is not 
compressed together so that the lever cannot rise, when the nut 
is screwed down as far as it will go, and that there is still 
flexibility enough in the spring to allow the valve to rise easily 

As all valves are liable to stick fast by corrosion when allowed 
to stand unmoved for a length of time, they should be daily 
eased on their seats. For this purpose, and &Lao in order to test 
their freedom of action, valves of the direct-weighted spring 
class, and internally- weighted valves of all descriptions, should 
be provided with a lever or other means to ease them by hand. 
The lever should be so arranged that it cannot be employed to 
assist in keeping down the valve. Many lock valves and others 
arranged so as to be inaccessible and safe against being tampered 
with become fast and useless, and are rather a source of danger 
than otherwise when their efficiency is relied upon. 

No boiler should be allowed to work without at least two 
good safety valves, in case one should become inoperative. 

Some of these observations are repeated, with additional 
remarks on safety valves, in the chapter on Explosions. 

Besides the safety valves above described for preventing any 
dangerous excess of pressure in the boiler by allowing the steam 
to escape into the atmosphere, there are numerous other ex* 
pedients and arrangements in use for checking the rise of 
pressure beyond a certain point. There is, for instance, a plan 
for closing the damper by self-acting machinery on a certain 
degree of pressure being attained. By another expedient, hot 
water is discharged into the fire. But the majority of these 
apparatus are found to be troublesome and uncertain in their 
action. It may bo remarked that discharging hot water from a 
highly-pressed boiler into the fire is liable to prove dangerous 
by scalding, and scatteiing the burning fuel about the stoke* 
hole. 

In old boilers of very weak construction it is advisable to 
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have a safety valve Opening inwardly, to any excess of atmo- 
spheric pressure that may occur when a vacuum is formed inside 
the boiler — a oircumstauce of frequent occurrence, and which 
has caused the collapse of several large weak cylindrical boilers. 

LOW-WATER SAFETY VALVES. 

Low-water safety valves are used to discharge the steam and 
relieve the boiler from pressure before the water level falls to a 
dangerous degree, either from neglect in feeding, or from the 
water escaping out of the boiler. 

The arrangements of this description which have proved most 
efficient after long trial are the two well-known valves introduced 
respectively by Hoi}kinson and Kay. Either of these forms a 
most important adjunct to the safety of internally fired tubular 
boilers, from the timely warning they give of lowness of water. 
They are, however, easily tampered with and rendered useless. 
Their machinery, being inside the boiler, can be examined only 
when the boiler is at rest. 

There are also numerous other expedients used for low water 
indicators. The simplest being variously designed float and 
lever arrangements connected with a whistle on the boiler. The 
majority of these are liable to get out of order, and have been 
found untrustworthy. 

PUSIBLB PLUGS. 

Fusible plugs, in one or more of the numerous shapes in which 
they are made, are more frequently applied than any other 
means as a safeguard against the collapse of furnace crowns from 
overheating through shortness of water. These plugs usually 
consist of a piece of alloy of tin, lead, and bismuth inserted in 
various manners in the furnace crown. So long as the alloy is 
kept at a comparatively low temperature by the water on the 
one side, it is prevented from melting by the fire on the other. 
But on the water level descending so far as to leave the plug 
dry, it is expected to fuse and relievo the pressure in the boiler, 
and at the same time to extinguish the fire and save the furnace 
plates. 

Notwithstanding the great favour in which they are held, as 
proved by their general adoption, there can be no doubt that 
their efficiency has been much overrated, since numerous cases 
occur every year of the furnace crowns being burnt from short- 
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nees of water without the fusible metal becoming melted. This 
is partially due to the accumulation of soot and dirt that usually 
takes place in the cavity over which the plug is inserted, and 
partially in consequence of the alteration which takes place in the 
nature of the alloy during lonji; exposure to the heat of the 
furnace. 

There are also numerous instances of the fusible metal melting 
out without liberating the steam pressure. This is chiefly 
caused by the accumulation of incrustation on the metal being 
sufficiently strong to withstand the pressure upon it and pre- 
vent its liberation. The simple plan of screwing or riveting a 
piece of lead or fusible metal into a hole in the furnace-crown 
plate should never be adopted, on account of the leakage that 
often takes place when the plug is slack, which leads to the 
corrosion, patching, and destruction of the plate. Moreover, the 
plug will probably not melt until the crown shall have actually 
become bare. For this reason alone, there should be a provision 
on the furnace plate for the insertion of the plug to keep the 
crown still covered with two or three inches of water after the 
plug itself has been left bare. This is usually done by riveting 
or screwing a seating of wrought iron or gun metal to the fur- 
nace crown, into which the plug of fusible metal is fitted in 
various ways. Care should be taken to make the mouth of this 
seating at least two or three inches in diameter for the easy 
removal of the soot and for the free action of the heat. 

In order to take advantage of the heat of conduction the area 
of the fusible alloy in contact with the casing is increased by 
making the plug of an annular shape, the middle being filled in 
with brass or copper. The same object is attained by dividing 
the alloy into several small plugs let into a large cap fitted to 
the seating. This has the further advantage of increasing the 
number of pieces depended upon for safety. Where the area, 
however, is small, greater care is necessary in keeping the metal 
free fiom incrustation, a coating of hard scale less than -^^ inch 
thick over a J-inch-hole being sufficient to withstand a pressure 
of 70 lbs. or 80 lbs., should the alloy be melted out. This is 
equivalent to saying that less than a month's work with many 
boilers will render such a small plug useless. In making a 
selection of the description of plug the nature of the feed water 
should be taken into consideration. With feed water containing 
much carbonate of lime or magnesia in solution, especially where 
grease is present, many of the fusible plugs in use are found to 
be too sensitive and cause much trouble by melting, even when 
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there is still abundance of water over the furnace-crown. lo 
Buch cases the failure of the fusible metal serves as an indication 
of danger from the liability of the furnace plates to overheat. 

To guard against the risk arising out of the tendency to 
change in the nature of the alloy, it is advisable to renew the 
fusible metal every three or four months, and only those de- 
scriptions of plugs which admit of thin being readily and effici- 
ently done should be chosen. 

It must not be supposed that the steam in an ordinary large- 
sized boiler can always be liberated with sufficient rapidity 
through a small hole, say ^-inch or f-inch diameter, to prevent 
over pressure in the event of the furnace-crown becoming bare, 
and such a discharge of dry steam will often have little or no 
effect in retai'ding the combustion. On the contrary, if we may 
believe the testimony of many firemen and engineers, on the 
melting of the plug, the discbarge of steam over a bright fire 
greatly increases the heat of combustion, the appearance of the 
furnace being changed from a red to a white heat. That this, 
under certain favourable conditions, would take place there can 
be little doubt, and it is probably one reason why fusible plugs 
have been found ineffective in preventing furnace tube collapse. 
When, however, the discharge of water or wet steam over the 
fire is large, combustion will be retarded, the pressure relieved, 
and warning of danger given. 
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Besides having an efficient self-acting apparatus for pre- 
venting the accumulation of an undue pressure of steam, it is 
highly desirable as a check on the safety-valve and for obvious 
reasons, if not absolutely necessary for saifety, that the boiler 
should be provided with a trustworthy pressure gauge for indi- 
cating the steam pressure at any moment. 

The steam-pressure gauges almost universally employed are of 
two kinds, viz. : 1, the mercurial guage ; and 2, the dial gauge. 
Of the first there are various descriptions, the simplest con- 
sisting of a long glass jj tube containing mercury, open at one 
end to the atmosphere, and at the other end in connection with 
the steam in the boiler. The pressure of steam is balanced by 
the column of mercury, the various heights of the column 
corresponding to the steam pressure, being read off on a plainly 
marked scale alongside the tube. When the steam pressure 
exceeds that due to the height of the mercurial column, 
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measured from the top of the tube where it is open to the air, 
the mercury is forced out and allows the steam or water to 
escape. The area of the glass tube is in most cases, however, 
too small to liberate the pressure with sufficient rapidity to 
admit of this apparatus being relied upon as a safety valve. 
Instead of a glass tube one of iron or brass is sometimes used. 
The height corresponding with the pressure is, in this case, 
indicated by a light rod connected with a float on the surface of 
the mercury. 

When the legs of the tube are of equal diameter a fall of 
one inch on one side wUl cause a rise of one inch on the other, 
the difference in the level will therefore be two inches, which is 
nearly equal to one pound pressure, or, strictly speaking, is 
equal to '981b. pressure per square inch above the atmosphere, 
or, lib. pressure = 1*02 inches rise in one leg. Hence 
P = L X •49.. .(1), where P = pressure in pounds per square inch 
above the atmosphere, and L = difference in level in inches. 
When the tube legs are of different diameters the pressure is 
readily deduced from the height in the open leg and the ratio of 
the diameters. 

Let h = rise of the mercury in leg of tube open to atmosphere, 

d = diameter of ditto, 

D = diameter of tube in communication with boiler, 

then the descent of the mercury in the tube in communication with 

h (P 
the boiler will be = _, and the difference in the levels will 
D*. 

be L = /t(l + i:) (2) 

and P = /i (l + ^])x-49 (3) 

If it be be desired to graduate the scale to indicate directly 
the excess of pressure in the boiler above the atmospheric pres 
sure, the length of the divisions, calling them inches, can be 
found thus — 






By making D very much larger than d when it is required to 
increase the scale for marking small variations of pressure, and 
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the fraction -— becomes very gmall, it may be neglected, and 

the colamn of mercury in the open branch measures the excess 
of pressure. On the other hand, by making d greatly larger 
than D, which is often done for convenience with high pressures, 
the length of scale may be reduced at pleasure. 

The above formula (2) will not, however, give the preciEo 
difiference of level, especially in the last-mentioned arrangement, 
in consequence of the quantity of water that lodges on the 
mercury in the branch of the tube communicating with the 
boiler. In order to correct the error likely to arise from thb 
source it is advisable to fill the boiler branch of the tube full of 
water, and take the point where the mercury now stands at 0, 
and make allowance for the difiference. 

As the specific gravity of mercury is 13*6, the difiference of 
level when the two branches are of the same diameter will now 
stand ^ X 1'92 instead of A X 2. Formula (2) may be 
written — 



,=fc (1 + 0-92 1:) 



As long as the tube branch is kept full of water this last 
formuhi will give the correct difference in level 

In order to avoid the inconvenience of having a long tube, 
the plan is sometimes adopted of closing the end of one branch 
and leaving a column of air in, which resists by compression 
the steam pressure in the other branch. These gauges, how- 
ever, in course of time beeome inaccurate from the oxidising of 
the mercury and the consequent reduction in the volume of air. 

The inconvenience arising from the glass in contact with the 
mercury becoming dull, and the liability to fracture, besides 
other disadvantages, especially when steam of high pressure is 
used, have led to the rejection of mercurial pressure gauges in 
favour of metallic or dial gauges, as they are usually called, 
which, although less accurate and reliable, are better liked for 
their convenient shape, facility of fixing, and small cost. 

The " Bourdon" dial gauge, in which the principle of action 
is the tendency of a curved tube closed at one end to become 
straight when subject to internal pressure, when well made is 
perhaps the best in general use. But since the patent right 
has lapsed many wretchedly constructed and untrustworthy 
articleit are sold as Bourdon gaugesb 



136 A TREATISE ON STEAM BOILERS. 

In all metallic spring gauges the connecting pipe should have 
one or more bends in it close to the gauge filled with water, 
which serves to transmit the pressure, and keeps the spring at 
a nearly constant and low temperature. In consequence of 
the large surface of pipe exposed to the air the water in the 
pipe and tube is kept cool, but it has the disadvantage of being 
liable to freeze in winter when in exposed situations. 

For convenience of removal or examination when the boile* 
is at work all pressure gauges or their connections should bo 
provided with suitable stop cocks to shut ofi* the communication 
with the boiler. Yet, in consequence of the risk of deranging or 
breaking the gauge by suddenly letting on or shutting off the 
pressure some engineers prefer attaching their gauges without 
stop cocks. 

In a range of boilers each should be provided with a separate 
pressure gauge, which should never be placed on the steam pipe, 
or where there is a current of steam flowing past the point from 
which the pressure is taken. In such situations they cannot be 
expected to indicate the correct pressure. The best position 
is on the boiler, or as near as possible, where there is no rapid 
motion of the steam, and where they are immediately under the 
eye of the boiler attend.ant, but out of reach of rough usage. 

WATER GAUGES. 

The presence of some means of ascertaining with certainty 
the water level at any moment is, with many kinds of boilei-s, of 
even greater importance than an efficient pressure gauge. 

If, on the one hand, the water is too low, there is a danger, 
especially in internally fired boilers, of overheating the furnace 
plates ; and, on the other hand, if the water level is too high, 
there is a risk of priming and other inconveniences. 

The apparatus usually employed for indicating the water level 
are gauge cocks, glass water gauges, and floats. 

Gauge cocks or valves of various designs, too numerous to 
mention, are perhaps the oldest and most generally used means 
for this purpose. They are generally two in number, placed one 
at the highest and the other at the lowest position it is con- 
sidered desirable to have the water level. When the surface of 
the water stands between the two cocks it is evident that steam 
will issue from the upper, and water from the lower, when the 
cocks are opened. To ensure greater accuracy in the indications 
of the water level the number of cocks may be increased. 
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In fiat-ended boilers the cocks are usually placed on the front 
end. In order to avoid errors in indication which too often 
arise from the agitation of the water, the cocks are sometimes 
screwed into a hollow tube of brass or cast iron attached to the 
boiler, with its ends opening into the steam and water spaces 
sufficiently far removed from the surface to be out of reach of 
the violent agitation of the water. In egg-ended and other 
boilers encased in brickwork above the water level, the cocks are 
usually attached at or near the crown. The height of the water 
in such cases is found by carrying small internal pipes from the 
cocks to the levels between which the suiface of the water is to 
be maintained. 

For the purpose of obviating the inconvenience arising out of 
the necessity of turning the gauge cocks by hand, a great variety 
of glass water gauges iiave been introduced, by which the water 
level is rendered self-indicating. The oldest and simplest of 
these consists of a glass tube, the top and bottom of which com- 
municate by means of suitable fittings with the steam and water 
spaces respectively. The level of the water within the glass is 
taken to be the same as that within the boiler, and is always 
before the eyes of the attendant. To facilitate renewing, 
cleaning, or repacking, the glass gauge shoulvi always be provided 
with cooks for shutting off the communication with the boiler, 
and also a third cock for emptying the glass when it is required 
to drain off the water and to ascertain if the apparatus b 
working properly. This drain cock should always be provided 
with a waste pipe of ample size, and free from sharp bends, for 
carrying away the waste water from the boiler plates. The 
neglect of this provision often results in severe corrosion of the 
front end-plate of furnace- tube and locomotive boilers. There 
should always be provisions for cleaning out the steam and 
water passages of the gauge when the boiler is at work, in the 
event of their choking up with dirt or incrustation. The 
cleaning can be safely effected by using a suitable piece of bent 
wire. The absence of these provisions is a defect of many of 
the patented gauges in use. A common defect met with in 
most kinds of glass water gauges is the small diameter of the 
steam and water passages. These are seldom more than i 
Inch, whereas they should seldom be less than ^ inch diameter. 
In the ordinary gauge the cocks are made either as plug taps 
or as packed gland taps, tho latter being used for the purpose of 
concealing, but not preventing, the leakage that takes place when 
the taps are allowed to get out of order. It is the custom to 
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make tlie drain cock smaller than the others, -whereas it should 
have the largest bearing surface, being used probably thirty times 
a day, whilst the others are not used more than twice or thrice, 
and frequently not so often. The effect of the present fashion 
of making these taps too small is the dirty coudition too many 
boiler fronts are found in, especially when brackish and other 
hard waters are used. These taps often wear unevenly by being 
turned one quarter round and back again every time they are 
used. Taps always wear better when they are turned com- 
pletely round. In order to enable this to be done, and to 
facilitate their regrinding, it is best to make the handle as a 
loose spindle, with a stop at each end, and working freely in an 
eye on the end of the plug or key as it is called. The handles 
are often made so weak as to be wrenched off without much 
exertion in attempting to turn the cocks. For comfort in 
grasping, the handles may be covered with leather. The method 
of fitting the handle on to a square on the end of the key has 
frequently led to the unsuspected emptying of the boiler down 
to the level of the water passage, from carelessly putting the 
handle on at the wrong angle. Such an occurrence as the 
escape of the water through the gauge, in consequence of the 
breakage of the glass overnight, when the fires are banked up, 
can be prevented by shutting off the communication between the 
water passage and the boilers. In ordinary sized furnace tube 
boilers the lowest visible point of the glass should never be less 
than 5 inches or 6 inches above the highest point of the internal 
flues. In some cases it is desirable to increase this distance. 
In consequence of the small steam space in locomotive boilers 
this distance is seldom more than three inches, but the greater 
care with which the water gauge is watched on this class of 
boiler renders a less margin of safety admissible. 

In using dirty water, or when a large quantity of soda is in- 
troduced into the boiler, the level of the water in the gauge is 
rendered unsteady and unreliable in consequence of the water 
boiling over through the steam passage. This annoyance is 
easily obviated by carrying a small pipe well up into the steam 
space, out of reach of disturbance by the ebullition. Glass 
water gauges as usually constructed are not suitable for exter- 
nally fired boilers with a mass of brickwork in front or with a 
wheel draught, unless the feed water is very free from im- 
purities, as the long horizontal steam and water spaces necessi- 
tated are liable to become rapidly choked up and to render the 
gauge a source of trouble. To overcome the difficulty arising 
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out of the long passages, some engineers have adopted the plan 
of attaching a cylinder to the front end of externally fired 
plain cylindrical boilers. This cylinder projects through the brick- 
work and to its flat end the water gauge is conveniently fixed. 

It is always advisable to have two water gauges to a boiler, 
the one being a check upon the other, and acting as a re- 
serve in case of a glass breaking, or any other accident happen- 
ing to a single gauge. As to the best position for the gauge, 
it should be at the furnace end of the boiler, where it is under 
the eye of the attendant. It mubt, however, be admitted that 
it is hero most liable to the disturbing influences that take 
place inside the boiler, which render its indications inaccurate 
.and misleading unless proper precautions are taken to obviate 
these objections. 

It has been proposed to insert a piece of glass in the boilei 
front or other accessible position, to enable the water level 
indde the boiler to be directly seen and read off against an 
internal scale introduced for the purpose. It would, however, 
be necessary, at the same time, to illuminate the interior of the 
boiler by means of a lamp shining through another opening. 
Such an arrangement could only be satisfactorily applied to 
waters free from such impurities as would be likely to besmear 
the scale and inside the glass. 

The water-level indicator most commonly used for externally 
fired boilers is the float. The common arraDgement of this 
apparatus with its external counterbalance and pulley is too 
well known to require description. Besides this, there are nu- 
merous other arrangements, some of which have the counter- 
balance inside the boiler, and indicate the water level by means 
of an external index-lever. To the common float is sometimes 
added a whistle, arranged to blow and give warning by self- 
acting gear when the water level descends to a certain point 
beyond which it is considered not safe to sink. The well-known 
defect attending the use of the common float is the liability of 
the wire passing through the stuffing box to stick fast &om 
being too tightly packed, or from being bent when the boiler is 
being cleaned out. This wire should never be made of iron, as 
it rapidly corrodes, destroys the packing and allows the steam 
to pass, and then an attempt at tight packing is sure to follow. 
Many engineers prefer having the wire not more than i inch 
thick, as it is more easily packed without the aid of a stuffing 
box and gland, and does not so easily become permanently beni 
as a i" or -^g" inch wire, so commonly used. 
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In consequence of the difficulty above mentioned in connec- 
tion with the use of g1a<%s water gauges, the float is to be 
preferred for plain externally fired boilers, but there should 
always be two to each boiler. "When carefully constructed and 
not neglected, the float is a reliable water-level indicator, but 
it requires a great deal of attention to keep it in order. It may 
be placed in any part of the boiler where it is not affected by 
the broken water produced by violent ebullition, and where it 
Vi least likely to interfere with the cleaning and examination of 
the boiler or circulation of the water. 



BLOW-OUT APPARATUS. 

The bottom blow-out apparatus is used not only for empty- 
ing the boiler, but also for getting rid of some of the dirt aud 
sediment in the boiler by discharging a limited quantity of 
water at intervals with the steam up. It is therefore important 
that the apparatus should work freely and be conveniently 
situated. Being placed at the bottom where it can completely 
drain the boiler, it is of still greater importance that its tight- 
ness can be depended upon when the apparatus is shut, as a 
small amount of leakage continued for a length of time might 
involve the overheating of the furnace plates and the destruc- 
tion of the boiler. 

For freedom in working, valves, if properly made, are supe- 
rior to taps even of the best construction, but, as a rule, they 
are not so trustworthy, and therefore should not be employed. 
Valves of nearly every description, whether conical, disc, or 
sluice, have all the same fatal defect, viz., — liability to mislead 
when apparently closed. A small chip or piece of incrustation 
getting on the seat of a conical valve will prevent its closing 
tightly when to all outward appearance it may seem quite shut. 
The accumulation of deposit at the bottom of the casing under a 
sluice valve may soon render its closing securely impossible, 
and although screwed down hard and fast the valve may still 
be slightly open. By using care, and counting the number of 
turns given to the spindle in opening and shutting, and mark- 
ing the exact point the handle should return to when closed, it 
may be ascertained whether the valve be closed or not. But 
it is just the exercise of this care that cannot be reckoned upon, 
and the absence of which renders the employment of valves in 
critical situations so dangerous. 

The duty of filling the boiler ^nd lighting the fire after 
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cleaning, often devolves upon some other than Uie regular 
attendant, who, after screwing down the valve concludes all 
is right and tight, and seeing plenty of water in the gauge 
leaves the boiler to itself for an hour or two. The valve 
after all may have been prevented from closing properly by 
some obstruction on the seat. The result follows that the 
water escapes unperceived through the valve, the furnace 
plates becomo drained and overheated, and if there be any 
steam in the boiler the flues collapse or the shell is rent. Such 
coses have frequently happened. From the quiet manner in 
which the water escax)es when there is no pressure in the 
boiler, its loss is then more likely to happen unperceived than 
when the boiler is at work, as the hot water in escaping under 
pressure usually makes some audible or visible sign. 

The valve that is least likely to cause deception in not closing 
tightly is a kind of butterfly valve with triangular openiogs, 
where the flat disc forming the valve-lid revolves on the valve 
face which it is prevented from leaving by a guard, which, how- 
ever, requires adjusting as the faces wear. These valves work 
very freely and are perhaps as reliable as some gland taps. 

With a tap in good order there can be no deception as to 
whether it is closed or not when turned off, and so far as trust- 
worthiness is concerned, they are better adapted for blow- out 
apparatus when properly constructed, than any kind of valve. 

The principal drawback to taps of all kinds is the manner in 
which they stick fast from becoming corroded or incrusted 
together when not used frequently, or from the quicker expan- 
sion of the plug compared with the shell on being turned on 
The remedy for the first evil or defect is obvious, and the 
best means for remedying the second is to work the plug 
gently backwards and forwards until the shell is heated through, 
when the tap may be fully opened and shut again immediately, 
with comparative ease. This is better and safer than suddenly 
turning the tap full on with the aid of a daogerously loog lever, 
and waiting until the shell is heated sufficiently to turn it olF 
{igain. The tendency to stick fast is greatly aggravated when 
the casing is made of cast iron and the plug of brass, a practice 
which should be altogether condemned, since it has been pro- 
ductive of serious inconvenience and even disaster. It is 
seldom that the taps about boilers are found sufficiently hard U. 
wear well, being made of red brass instead of gun metal, for 
the sake of being more easily fitted up and refitted, and also, of 
coursei to save first cost. When two metals of the same 
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nature are pressed together with considerable force and allowed 
to remain in contact for some time, they are apt to cohere or 
** seize." This tendency is increased by making the metals 
sc ft, and is one cause of the sticking fast of taps. It may, in 
some measure, be obviated by making the plug and shell of 
slightly different alloys, the former being the softer as it is 
more easily replaced when worn out. As a rule, blow-out taps 
are made too short or have too little bearing surface to last 
long without regrindiug, and the universal practice of turning 
the taps one quarter round for opening, and then back again 
for closing, causes uneven wear and leakage. Every time the 
tap is opened, it should be shut by giving it another quarter 
revolution in the same direction ; by this means the tap wears 
more evenly and lasts longer without regrinding. 

There is a great difference of opinion respecting the best 
taper for large taps, some advocate 1 in 4, others 1 in 6. The 
former sometimes cannot be kept tight, and the latter are liable 
to stick fast if screwed down sufficiently to prevent leakage. 
The circumstances to be considered in determioing the taper in 
any case, are the steam pressure used, the hardness of the metal, 
frequency of lubrication, and nature of the lubricant and water 
employed. For pressures of 20 or 30 lbs. a taper of 1 in 4 is 
found to work well, but for pressures of 90 or 100 lbs. a taper 
of 1 in 6 is necessary to insure tightness. 

In the common plug tap the nut securing the plug is liable 
to work loose and drop off without being observed, as the tap 
is usually placed in a position difficult of access and examina- 
tion. Serious cases of scalding have been occasioned by the 
blowing out of the plug from this defect. For facility of ob- 
servation the tap is best arranged horizontally, and the plug 
should be further secured by a guard to prevent it from being 
blown out in case the nut should drop off from the thread strip- 
ping, or other cause. Such an occurrence could, however, bo 
prevented by simply putting in a pin through the bolt behind 
the nut. 

In order to avoid the risk of the plug blowing out, as well 
as to conceal, but not cure, the leakage which takes place when 
the tap requires regrinding, packed gland taps with a closed 
bottom are used by many of the best makers, and to obviate 
the stiffness produced by the friction of the packing against a 
large surface, compound gland taps are sometimes used, but 
with questionable success. It is still an open question whether 
the best description of gland tap is better than the old-fashioned 
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plug tap provided with a guard for the plug. Many oases hare 
occurred of the water leaking to a dangerous extent past the 
plug in a gland tap without being detected in time, an event 
much less likely to occur with the simpler description of tap. 
In using gland taps with brackish or other very hard water, the 
plug is sometimes prevented from being screwed down to its 
seat by an accumulation of incrustation which has taken place 
between the casing and the bottom of the plug. Thii^ is likely 
to happen when the gland nuts are eased back to allow the plug 
to rise and ease itself for turning readily, a practice often neces- 
sitated by the faulty construction or defective condition of the 
tap. Such an occurrence could not possibly happen with an 
ordinary open-bottom tap. Inverted plug taps with hollow 
plugs designed to be kept tight against their casing by the in- 
ternal pressure, and those arranged to discbarge through the 
open plug bottom, cannot be recommended. However well 
such taps, when of small size, may be found to answer in cer- 
tain situations, they are not satisfactory when of large size, and 
are not adapted for using in connection with waste pipes. 

The practice of making the blow-out apparatus of furnace 
tube boilers without waste pipes cannot be too strongly con- 
demned. Too frequently the hot water is discharged into a 
drain only a few inches below the floor line, from which it re- 
bounds, and renders the duty of blowing off a very dangerous 
one ; at the same time, it is advisable that the end of the waste 
pipe should not be placed altogether out of sight, so that any 
leakage which may take place may be detected. 

As the safety of a boiler depends so much upon the condition 
of the blow-out apparatus, the task of blowing out should be 
regularly performed at least * once a day by the engineer in 
charge, and should not be left to the fireman. 

In tubular boilers, for facility of access, the blow-out tap 
should be placed clear of the front end, and connected by a 
short elbow pipe with the mouthpiece or branch riveted to the 
boiler bottom. This pipe as well as the cock should be care- 
fully protected from contact with moisture and ashes, which too 
often find their way beneath the floor plates and cause the rapid 
destruction of the pipe, if not properly protected or made of 
copper. Comparatively few externally fired boilers are pro- 
vided with a blow-out apparatus. The common practice is to 
provide nothing further than an iron taper plug which fits into 
a hole in the boiler bottom over the fire, by which the boiler is 
emptied. The plug is usually knocked out^ when required, by 
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the rudest means imaginable, and it frequently happens that 
the person, who is bold enough to do it before the water is cold, 
gets scalded if he is not quick in making his retreat. In some 
cases the plug is more sensibly attached to a spindle passing 
through a stuffing-box on the boiler crown, and provided with 
a screw and handle to raise it with. Means should always be 
provided with this arraugement to guard agcoinst the plug and 
spindle being blown out by the pressure, in case the screw is 
carelessly turned round too far and looses its hold in the nut. 

With plain cylindrical boilers, the blow-out apparatus some- 
times consists of a tap or valve, placed on the boiler crown and 
connected with an internal pipe reaching to within an inch of 
the boiler bottom. This pipe may be made to extend for some 
distance along the boiler to collect the sediment it is required 
to blow out. When the apparatus so arranged is used for 
emptying the boiler, it has the drawback of requiring the 
emptying to be effected with the steam up, a practice especially 
dangerous with externally £red boilers encased in much brick- 
work. The blow-out is otherwise arranged by carrying an ex- 
ternal elbDW pipe from the boiler bottom through the brickwork 
at the side, or back end of the boiler, terminating in a tap or 
valve. For the purposo of protecting the pipe from the im- 
pingement of the heated gases it is loosely encased in brickwork . 
With this arrangement it is necessary to blow out very fre- 
quently when the feed water is of a hard or muddy nature, to 
prevent the deposit filling the blow-out pipe and becoming 
baked hard. 

Remarks on surface blow-out apparatus will be found in the 
chapter on Incrustation. 

MANHOLE COVERS. 

There is perhaps no better proof of the ignorance or reck- 
lessness that may be displayed by makers of reputation, than 
the number of boilers turned out by them with unguarded man< 
holes. The too common practice of cutting a piece of plate 
about 15 X 12 inches out of a boiler shell without providing 
any strengthening piece to the edge of the hole, where the ten- 
sion on the plate is concentrated and where it is liable to bo 
further weakened by wasting, cannot be too severely censured^ 
and has already led to numerous fatal explosions. The platei 
at the edge of the hole, in such cases, has to bear, not only the 
strain from the steam pressure which holds the coyer up to its 
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nroiks but also what is often mach more trying, viz., the straios 
put upon it by screwing up the cover, often weak and defective 
in shape, to make a tight joint, by means of the bolts suspended 
from the bridge bars or cross piece usually employed. When 
the joint leaks from want of stiffness in the plate itself or iu 
the cover, or from bad fitting, or from the presence of a piece of 
interposed scale or hard substance in the cement or india rubber, 
the cover is perse veringly screwed up, and it becomes merely a 
question of time, and power available for screwiog up, for the 
plate to become buckled and fractured at the edge of the hole at 
right angles to the cross piece, which unfortunately is usually in 
the position most likely to prove fatal to the existence of the 
boiler. In boilers at work the edges of these unstrengthened 
manholes are sometimes found split in four or five places, any 
of which fractures are ready with a little overpressure in the 
boiler, or with a little additional wasting, to develop into the 
primary rent of an explosion. In rag-boilers these unguarded 
manholes are sometimes as large as 36" x 24". 

The edge of the plate can be cheaply and adequately strength- 
ened by riveting on a ring of wrought iron. These rings are, 
however, too often so paltry, and applied in such an ignorant 
manner, that their application tends rather to aggravate than 
lessen the evil they are supposed to obviate. The ring should 
be at least f" thick and i inches wide, so that the rivet holes 
at 3 inches centres, and not 6 or 7 as is usual, may be kept 
well away from the edge of the hole. These internal covers made 
to fit the curvature of the shell are an unmechanical job at the 
best, and a tight joint can never be depended upon with them. 

It is far better, in all cases, to have a flat fiice on which to 
make a good joint with the lid, which should be secured by 
strong studs or bolts and nuts. This can be contrived in 
various fashions, either aa a cast-iron branch or mouth-piece, or 
where lightness is aimed at, of wrought iron, or as a simple 
stout ring when the size and construction of the boiler make it 
difficult to enter. The longer the neck of the mouth-piece the 
larger should be its diameter. If it be more convenient to 
have the cover internal as for the mud holes at the front end of 
double-furnace- tube boilers, i\ can still be made with a faced 
joint, and held up by means of a bridge bar and bolts and nuts. 

MUD HOLES. 

Mud holes should always be provided at the front end of 
double-flued boilerS| as their absence necessitates lifting the dirt 

a 
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from the boiler bottom up through the manhole, which increaset 
the bkbour and greatly interferes with the effective cleaning of 
the boiler. Moreover, the want of ventilation through the 
boiler from the absence of a bottom opening keeps the interior 
for a long time damp, md increases the difficulty of examina- 
tion. The work of cleaning out Oomish boilers, especially 
when there are strengthening hoops round the tube, is very 
difficult and tedious, and may be much facilitated by having a 
mud hole at the front end. This, however, requires a specid 
provision, owing to the limited amount of spaca at the bottom 
of these boilers, between the tube and shell. This provision 
can be well enough arranged, without materially weakening the 
shell of the boiler, which is the objection usually urged against 
the adoption of this plan. 

In boilers, where the construction does not admit of any one 
entering for the purpose of cleaning and examination, a num- 
ber of mud holes and wash-out plugs should be provided where 
they are most likely to be required, as, for instance, in agri- 
cultural and locomotive boilers, at the firebox shell comers 
and ends above the foundation ring, and also at the front and 
sides, to command a range over the crown of the inside fire- 
box. These holes at the sides could often with advantage and 
aafety be made much larger than is usual, to enable a man to 
get his arm in to clear away the deposit which resists being dis- 
placed by a jet of water from the hose pipe. For clearing out the 
barrel of these boilers wash-out plugs should be screwed into the 
smokebox tube plate, where there is not room for mud hole doors. 

Mud holes are sometimes made in the firebox bottom ring. 
These admit of a rod being pu^ihed up among the stays, to 
remove the concretion lodging on them ; but as they are trouble* 
some to keep tight, they are seldom repeated in new boilers. 

In many locomotive boilers, manholes are wisely fitted to 
the bottom of the barrel, which afford considerable facilities for 
examining and cleaning the plates and tubes in their vicinity. 
The manhole mouthpieces are often made of good depth, and 
serve as mud collectors, when a cock should also be provided in 
the cover for frequent blowing-off. 

The practice of simply screwing a taper wash-out plug into 
firebox shell plates, which seldom exceed ^ inch in thickness, 
although convenient and cheap, cannot be recommended, as the 
scanty thread allowed becomes rapidly destroyed by the iron 
rods introduced for removing the concretions, and the edges of 
the plates round the holes become rapidly reduced by corrosion. 
Welding on bosses or riveting on pieces of plate, or flanged 
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bo&ses for iucreasing the number of threads^ does not get over 
the disad vantage of having the threads inside the hole, and 
ko obviate this it is better, in nearly all cases, to apply a 
mouth-piece of brass or wrought iron, having an outside 
thread and cap. For the small mud holes or hand holes at the 
firebox water spaces of agricultural and locomotive boilers, 
terhaps the most convenient form of cover in the common in- 
ternal lidy held up to its seat by a bow and stud. The edge 
of the plate round these holes is, however, liable to waste by 
corrosion, when tlie joint, isi not tight. Py riveting a | or 
^ inch ring round these holes^ a good joint can be ensured by 
securing an external cover by 8 or 4 studs, which can be 
easily arranged so as not to give trouble by being liable to 
get bent, or by interfering with the cleaning. 

In vertical boilers of the small class there should be a hand 
hole opposite every water tube, ^s well as a few for the furnace 
crown and at the bottom of the water space. 



STEAM DOMES AND STEAM CHAMBERS. 

Notwithstanding the general opinion that the presence of a 
steam dome is essential for obtaining dry steam, and as a 
remedy for priming, it should be regarded as an useless and 
expensive appendage to a boiler, and as frequently applied, a 
source of real danger. The practice of cutting a dome hole 
3 feet or even 3 feet 6 inches diameter in a 7 feet stationary 
boiler, or a 2 feet hole in a 4 feet locomotive boiler shell, with- 
out providing against the weakening of the plate involved any- 
thing further than the dome plate itself and its angle iron oi 
flange, cannot but be regarded as barbarous. In many cases 
the size of the dome and its hole is limited by the width of 
the shell plate, the whole of which, except some 5 or 6 
inches at each end for the lap and dome attachment, is cut 
away. Many instances may be met with in shells having the 
plates arranged in parallel courses, where the weakened plate is 
prevented from giving way solely by the support due to the ad- 
joining plates overlapping it on the outside ; were the dome on 
the outer instead of in the inner belting of plates, the weakened 
plate would inevitably yield to the pressure. 

Where the steam user must have a dome, there is no neces- 
sity for cutting away the plate more than sufficiently to allow a 
man to pass through ; and when the margin of safety is small, 
the edge of the plate round the hole should be adequately 

h2 
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Btreogthened by having a stont wrought iron ring riveted to 
it. Yet it must be admitted that the tendency to prime is in- 
creased as the area of the hole is diminished. 

The supposed advantages of a dome are two in numbor, 
viz. : 1. By increasing the steam space, it is Eupposed to act as 
a useful reservoir of steam, to meet any sudden demand arising 
out of irregular loads on the engine. 2. It is supposed to act 
advantageously as an anti-primer, since the steam, being further 
removed from the water, is supposed to bo less liable to be 
saturated, especially when the dome contains a perforated dmph- 
ragm for arresting the passage of the suspended particles of water. 

I^ow, with regard to the first of these statements, it can be 
easily shown that an ordinary-sized dome adds comparatively 
little to the steam room of a boiler. If wo take, for example, 
a Lancashire boiler 7 feet by 30 feet, the steam space will be 
about 240 cubic feet. With a dome 3 feet by 3 feet high, we 
would have about 21 cubic feet capacity, which is less than 9 
per cent, of additional space, and this would be exhausted by 
a few strokes of the engine. But the reservoir of power in a 
boiler resides not so much in the steam as in the heated 
water. With a working pressure of CO lbs, each cubic foot of 
steam in the boiler will produce only 4 '65 cubic feet of 
steam at atmospheric pressure, but 1 cubic foot of water 
in the boiler will produce nearly 35 times that amount, 
for at GO lbs. pressure the temperature of the water is 307 '5% 
or 95*5** above the boiling point at atmospheric pressure, and, 
as every degree of heat added to water already at 212** may 
be taken as competent to generate 1 7 cubic feet of steam, 
95*5** will produce 162 35 cubic feet, or nearly 35 times as 
much as 1 cubic foot of steam at 60 lbs. pressure. Whence it 
may be concluded that in ordinary boilers the addition to the 
power by the reserve of steam in a dome is insignificant when 
compared with the power stored up in the water. With 
respect to the second alleged advantage, it appears to be taken 
for granted that the higher the point at which the steam is 
taken from the boiler and consequently more distant from 
the agitated surface of the water, the drier is it likely to 
be. Now, without considering the cooling effect on the steam 
by the circumference of a large dome exposed to the atmos- 
phere, this would be a correct conclusion if the steam flowed 
slowly and quietly into the dome. But this is not the case 
with the engine at work, when the steam rushes into and 
through the dome with great velocity, and is liable to take 
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a qiiautity of water along with it, caaedDg the steam in the dome 
to be actually wetter instead of drier than the steam in the rest 
of the upper portion of the boiler. 

Priming is promoted, if not actually caused, by the reduction 
of pressure, and consequent increased ebullition of the water 
immediately below that point of the boiler whence the steam 
is drawn, which disposes the water in the form of spray, to be 
carried along with the ascending current of steam. Not only 
is the water thus carried into the steam pipe, but also any par- 
ticles of earthy and other foreign matters that may happen to 
be at the broken surface of the water. In boilers fed with 
dirty water from canals and drains, the inside of the dome 
pometimes becomes plastered with mud and clay, several inches 
thick, whilst the rest of the steam space remains quite clean. 

Priming is also probably due in some measure to the flow 
of steam over the surface to the point of efflux, carrying par- 
ticles of water along with it by the induced current it produces. 

The various anti-priming expedients usually employed, such 
as the insertion of perforated diaphragm plates in the dome, 
and baffle plates for beating back the ascending particles of 
water are seldom effective, unless the system is elaborately 
carried out. The simplest and at the same time the most 
effective way to prevent priming is to avoid, as far as possible, 
causing any violent local ebullition or rapid current in drawing 
off the steam, which may be done by employing an internal 
l)erforated pipe, with the ends closed and fixed near the top of 
the boiler, into which the steam can flow quietly. The longer 
this pipe is made the better. In ordinary stationary boilers, a 
pipe 6 or 8 feet in length, with perforations, having a total 
area considerably in excess of the area of the pipe, is found 
to be all that is required as an anti-priming apparatus. The 
larger the collective area of the perforations, as compared with 
the area of the pipe, the more quietly will the steam flow 
through them, and when once within the pipe and separated 
from the water, the velocity of the steam can have no effect in 
producing priming. 

Sometimes the success of this pipe is frustrated by carelessly 
leaving a large open space between it and the pipe leading the 
steam away from the boiler, through which a rush of steam 
takes place, and the action that causes priming is induced. 
The tendency of the perforations to choke up when certain 
kinds of dirty water are used has been alleged, in a few rare 
instances, as the cause that has led to the abandonment of the 
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pipes. They are successfully used on some railways in loco- 
motive boilers, having very limited steam spaces. When used 
in locomotives the perforatious should not be carried too near 
the ends of the boiler, lest the water splashing back from the 
ends should gain adniisf^ion to the pipe. 

The tendency to prime may be increased by urging the fire, 
or by drawing the steam from a point over the furnace or where 
the ebullition is violent ; by the presence of grease and other 
matters which impede the free escape of the steam from the 
water surface, or by the immoderate use of soda which causes the 
water to foam. New boilers and especially new locomotives 
prime most in consequence of the violent ebullition that takes 
place over the clean heating surface, and also, sometimes in 
consequence of the greasy and dirty state of the interior. 

All the phenomena in connection with priming, have not 
yet been satisfactorily explained. Melted tallow or oil is 
sometimes injected into small vertical boilers to prevent priming. 
It is supposed to have the same effect on the disturbed surface 
of the water that oil has when poured on a rough sea, so well 
known. And yet it cannot be disputed that the presence of 
grease in combination with other impurities increases the ten- 
dency of many boilers to prime. 

When domes are used, the opening at the dome bottom 
should be made as large as possible, in order to diminish the 
tendency to prime. But in order to maintain the strength ot 
the shell, where a large hole is made in it, the plates round the 
dome bottom will require to be adequately strengthened by 
means of a stout ring riveted round the edge of the hole, or 
else by strong internal transverse stays suitably arranged fore 
and aft of the dome. Sometimes the dome itself is strengthened 
by shrinking on a strong wrought iron ring near the bottom. 

It is sometimes asserted in favour of the use of domes foi 
locomotives, that they form a convenient seat for the safety 
valves, but when these are blowing off violently, they greatly 
increase the disposition to prime. 



FUENACB FlTTINaS. 

The furnace is usually comprised of mouthpiece with doors 
and bed-plate, fire bars, bridge, and ash pit, with or without 
doors and dampers. In addition to these, some arrangements 
of furnace haiB special provisions for amoke burning and pre- 
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rention, cleaning ont flues and fires, removal of clinkers, 
ftshesy ^c. 

lu externally fired boilers, the furnace is necessarily made quite 
distinct from the boiler. The circumstances which determine 
the best height for the boiler above the fire bars will be con- 
sidered in the chapter on Firing. 

By increasing the distance between the fire and the boiler, 
the perfect combustion of the gases will be facilitated, and the 
temperature of the plates will be reduced. The entering cold 
air will also be more diffused and not bo likely to be directed 
against the hot shell to cause sudden contraction. 

The arrangement of the furnace mouthpiece will depend 
mainly upon the arrangement of the fines, as the brickwork at 
the front end requires supporting by an arch or other means, 
when there is a wheel draught or split draught, and only a plain 
wall in front of the boiler is required when a flash flue is used. 
With respect to the best position for the fire door, which should 
be hinged to open sideways, and be made double in number if 
the grate is very wide, it should be arranged with a view to pre- 
vent as much as possible the impingement of the entering cold 
air against the hot shell plates when the door is thrown open, 
and it should be sufficiently wide to enable the fireman to dis- 
tribute the coals properly over the grate. It should bo kept 
from 12 to 18 inches from the fire to prevent destruction by 
the high temperature of the furnace. The durability may be 
increased and the radiation of heat impeded, by fitting a baffle 
plate of wrought iron to the door with an air space of 2 or 
3 inches between. A casing or lining of brickwork is some- 
times used behind the door for this purpose. These doors are 
often made excessively high for small boilers, about 12' is 
generally sufficient unless the grate is very long. 

The conmiou practice of applying a large casting for a furnace 
mouthpiece to the front end of an internally fired boiler must be 
discountenanced. The castings are not only cumbersome, 
costly, and liable to fracture sooner or later, but they conceal 
the ring of rivets attaching the tubes to the end plate, which 
are best left exposed to view for the detection of leakages 
and fractures. The best plan is to make the mouthpiece 
simply of two wrought iron plates with an air space between. 
The outer plate, to which the door is attached, may be fitted to 
the tube hole in the boiler front end plate, and the joint 
covered with a brass moulding. This arrangement allonrs the 
rivet heads to be exposed to view, and imparts a neat appear- 
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ance io the furnace. The plan of building up the front end of 
the boiler with a masa of brickwork to prevent radiation shoubi 
never be employed, since it is liable to harbour moisture in 
contact with the front end plate. Another great evil attending 
this plan is the concealment of any outward bulging that may 
occur in the event of the failure or original want of strength in 
the staying. Many a boiler has been saved from bursting by 
the timely warning given of weakness by the bulging of the end 
plate, and any plan which interferes with the detection of 
this should be employed with extreme caution. When it i^ 
desired to prevent loss of heat by radiation from the front end, a 
coating of good non-conducting composition may be applied in a 
suitable frame, which can be arranged to leave a f^pace between 
the plates and the non-conducting material, to admit of easy 
removal, and so as not to cover any of the rivet heads, except 
those of the stays. 

The doors should be provided with a sliding or revolving 
grid for admitting air above the fire, the baffle plate being per- 
forated to aid its distribution. A host of inventions for makiug 
the opening and closing of the slide self-acting have been 
patented. As a rule, it may be said that these self-acting appa- 
ratus are allowed to fall into disuse after a short trial, as most 
of them soon get out of order and require a good deal of keep- 
ing up. 

The dead plate, often perforated with advantage to admit air, 
can be secured to the furnace mouthpiece, and arranged to rest 
on the furnace sides, so as to dispense with brackets secured by 
bolts to the plates which are liable to leak, and in consequence 
should always be as few as possible. 

The fire bars are usually made of cast iron. The numerous 
shapes in which bars are made have been adopted mainly with 
a view to increase their durability, according to the experience or 
theoretical notions of their designers. For easy handling, the 
bars should not much exceed three feet in length. In order to 
facilitate the access of air, the fall of the ashes and clinkers, 
and the cleaning of the fire from below, the bars should be 
made thinner at the bottom than at the top ; but in order to 
maintain the same windage or space between the bars when they 
become worn, they should be made parallel for about f of an inch 
at the top, and then tapered downwards. It may be questioned 
whether any description of fire bar has given better results in the 
long run than the ordinary short cast iron bar f -inch thick at top 
and i inch at bottom and 3 inches deep in middle, where it is 
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provided wit.li a distance piece of the same width as at the end« 
to pre vest twisting. The rapid deterioratiou by twisting^ 
bending, or fusion sometimes experienced, is due to overheat- 
ing, which may be caused either by a single bar hero and there 
being, from some cause or other, raised above the general level 
of the grate, or by the air space being too wide, either originally 
or by lateral bending of the bars, caused by want of sufficient 
room to expand or other defect, which allows the red hot fuel 
or clinkers to get between. So long as the cold air comes in 
contact with the whole depth, the bar will only waste away on 
its upper surface, and that but slowly, imless the fuel like 
anthracite, bums with a very intense local heat. The air space 
usually allowed and found to answer best with good semi- 
bituminous coal is -^g or ^-inch. This space may, however, be 
diminished with advantage when there is a good draught, 
abundant boiler power, and the coal is clean. In burning 
anthracitic coal which decrepitates and falls through the ban, 
or where the coal yields much clinker, which adheres to the 
bars and gets between them, the windage might be kept smaller 
if the nature of the coal in the one case did not demand a con- 
siderable air space to insure a good draught for its combustion, 
and in the other case to provide for its becoming partially 
choked up. With coal that cakes much, or yields a large 
quantity of ash, the air spaces may with advantage be made 
}", or in some cases even more. 

With a view to facilitate removal and replacing, and to 
obviate the inconvenience and loss arising out of the single bars 
becoming lifted from their seats, and at the same time to 
increase the lateral stiffness, the bars are often cast together in 
sets of two or more, with end and intermediate distance-pieces 
between them to prevent twisting, which provisions should 
indeed be made in all cases. There should always be a liberal 
allowance at both ends for the bars to expand freely. The play 
to be allowed may be taken as 1 in 24. The plan sometimes 
adopted of tapering off the end of the bars and resting them on 
an inclined seating for tha purpose of facilitating expansion 
cannot be recommended, as it leads to a difficulty in keeping 
the level of the grate uniform, the bars becoming overheated in 
consequence. 

It has been observed that after repeated heating and cooling 
cast iron becomes permanently elongated. According to !M. 
Brix a fire bar after seventeen days heating preserved a permanesit 
elongation of 2 per cent, ; another bar of the same dimeu* 

u 9 
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nons, after longer nsage, was permanently elongated 3 pec 
cent. 

It is a common practice to incline the grates downwards to- 
wards the back end. No doubt this arrangement facilitates the 
pushing back of the fuel, and is useful in burning coal which 
produces much flame, but it makes it more difficult to ascertain the 
distribution of the fire at the back end, especially in a long grate. 

lu order to prevent active combustion in contact with the 
furnace plates of tubular boilers, likely to be followed by a 
current of cold air impinging on the heated part, the side bars 
are sometimes judiciously arranged to bear against the plates 
A similar arrangement might be with advantage adopted in 
small vertical boilers, where the furnace plates are sometimes 
burnt by the bottom of the water spaces becoming choked with 
an accumulation of deposit. 

With respect to the relative durability of cast-iron and 
wrought-iron fire bars it may be remarked that the point of 
fusion of the latter is considerably higher than that of the 
former, but wrought-iron bars bend and twist much sooner than 
bars of cast iron. For locomotives and agricultural boiler!>, where 
the fire bars are subject to rough usage, wrought iron bars, being 
less easily broken, are generally preferable to those of cast iron. 

When the coals used are of a caking nature and adhere to the 
bars, or cause trouble by the quantity of scoriae they yield, 
various arrangements for giving the bars a rocking motion for 
breaking the fire and detaching the clinkers have been invented. 
Some of these have been used with advantage, but the trouble 
and expense of keeping them in repair appear to have operated 
against their coming into more general use. 

With the view of increasing their durability, the bars are often 
made hollow to allow a current of cold air or water to pass 
through. The air and water by becoming heated also adds to 
the efliciency of the furnace. The advantage of these expedi- 
ents is, however, questionable, in consequence of the extra first 
cost involved and the expense and trouble of keeping them in 
good order. 

The bridge is a low vertical wall or partition at the back of 
the grate, and forms a back end to the furnace. It is usually 
made of fire brick or cast iron surmounted by fire biick. The 
bridge is sometimes hollow, perforated, or split to admit air 
behind the furnace for burning the gases. Sometimes, however, 
the bridge is a wrought-iron water space communicating with 
the inside of the boiler. When water bridges are used care 
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should be taken that the ends incline or curve upwards to 
facilitate the escape of the steam bubbles as they are formed on 
the inner surface. 

The bridge acts usefully in bringing the flame in contact 
with the heating surface, and by retarding the escape of the 
gases into the flues promotes their admixture with the air. 
The space above the bridge is often, however, made too cramped 
with these ends in view. The narrower the space the greater 
must be the force of the draught to draw the gases through. 
The heightening of the bridge may, in consequence, be 
attended with an increased waste of fuel, as the gases are likely 
to escape at a higher temperature into the chimney. More- 
over, the extent of the heating surface which receives the 
radiant heat from the fire is diminished by heightening the 
bridge, and the action of the higher temperature and more 
forciblo impingement of the flame and air against the furnace 
plates is liable to be destructive, especially when sedimentary or 
greasy feed- water is used, or a seam of rivets happens to be near 
the bridge. The best height to make the bridge, in any case, 
can only be determined by actual trial, as it will depend upon 
the size of grate, strength of draught, character of fuel, thickness 
of fire, and relative quantity of air admitted through the bars 
and above the fire, or behind the bridge itself. The passage 
above the bridge, as an approximate rule, may be made one- 
sixth the area of the fire grate. By lowering the bridge the 
flame will not be cooled so suddenly by contact with the plates, 
and may be made to pass further along the flue with a diminished 
draught, whereby the prevention of smoke will be facilitated, 
the evaporative efficiency increased, and a saving of fuel 
effected. In many cases a reduction of two or three inches in 
the height and an improvement in the shape of the bridge, 
whereby it is better adapted to the shape of the fum\ce, have 
had a very marked efiect in reducing the consumption of fuel, 
preventing smoke, increasing the evaporation, and in diminishing 
the wear and tear of the boiler. 

Hanging or inverted bridges are often used. These are placed 
some two or three feet behind the ordinary bridge, behind which 
air is admitted to the gases. The space between the bridges 
then forms a suitable flame chamber for aiding the perfect com- 
bustion of the hydrocarbons, and the use of hanging bridges in 
this manner has been attended with very satisfactory results \ 
but the difficulty of keeping them in repair has usually led to 
their abandonment after a short trial. 
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Underneaih extornally fired boilers with deep flasli flues, two 
or three additional bridges are often arranged at regular dis- 
tances between the furnace bridge and the back end of the flue 
for the purpose of keeping the gases in contact with the boiler as 
they pass along. 

BOILBR SETTING. 

Boilers should be set with as little brickwork in contact with 
the shell as practicable, particularly at and near the bottom 
where any watei or moisture is liable to lodge against the plates. 
All the flues should be faced with fire bricks, and fire lumps or 
blocks, but not bricks, 8hould be used for the seating. No 
mortar should be used where it can come in contact with the 
plates, but fire clay should be used instead for the whole setting 
of the boiler. The flues should bo suflSciently large to admit of 
being properly cleaned and to enable periodical external exami- 
nations to be made with facility and satisfaction. The common 
practice of cramping the flues arises out of the desire to improve 
the efliciency of the boiler by keeping the gases in contact with 
the plates. But the slight waste of heat that may result from 
the use of moderately wide flues is far outweighed by the greater 
security obtained from the better examination they invite. The 
fact is too often lost sight of that the difficulty of cleaning the 
plates caused by the narrowness of flues usually results in the 
jjlates becoming covered with a permanent coating of soot and 
other non-conducting substances, which renders them useless as 
heating surface, and consequently the narrowing of the flues 
defeats its own intended end. 

Plain cylindrical or egg-ended boilers, when made with wheel 
draught or split draught, are supported on side walls which 
should not exceed three inches in width at the surface on which 
the boiler rests. There is, however, no advantage gained in 
evaporative eflectby making the flues of long and moderately long 
egg-ended boilers for wheel draught or split draught ; but there 
is a decided disadvantage in the increased difiiculty of cleaning 
and examining these arrangements of flues involve. These 
boilers are best set with flash flues, the gases passing straight 
from the bridge along the boiler bottom and sides to the 
chimney. This arrangement dispenses with all brick-work 
seating underneath the boiler, which is sometimes supported 
on cast iron brackets protected on their fronts by fire brick, but 
far more usually by brackets riveted to the sides and resting 
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apon the masoniy. Boilers of gi*eat length — 60 feet and 
upwards — are often snaponded from transverse cast iron arches 
resting on the masonry at the sides and placed from 12 feet 
to 16 feet apart. The boiler is connected to each bearer by 
means of three bolts secured to angle or T irons riveted to the 
shell crown, and secured to the casting by nnts, by which the 
weight of the boiler can be adjusted. There should also be a 
strut of T iron across the inside of the boiler, under each bearer, 
to resist the tendency of the shell to assume an oval shape from 
the weight of the lower portion of the boiler and the water 
acting against the upward direction of the force exerted by the 
suspension bolts. 

Since the weight on each bearer must vary considerably with 
the arching of the shell, due to the greater expansion or con- 
traction of the bottom compared with the top, long boilers are 
liable to be strained and break their backs when suspended from 
the end attachments only, or the bottom is liable to become 
buckled together when suspended only from the middle bearers. 

For remarks on the brickwork and setting of internally fired 
boilers, gee chapter on Wear and Tear, p. 200. 

With Cornish, Lancashire, and other similar boilers of mode- 
rate length, in order to promote the circulation, and heiit the 
dead feed-water at the bottom, the flues should be arranged to 
conduct the gases forward underneath the shell bottom on 
leaving the flue tubes, the draught being split at the front to 
pass backward along each side to the chimney. Each side flue 
may be made with an independent damper, or one damper may 
be made to serve by uniting the side flues behind the down take 
at the back. But when the boiler is very short compared with 
the length of grate and there is a strong draught, it is advisable 
not to expose the shell bottom to a very high temperature by 
taking the gases along the bottom before passing through the 
Eide flues. 



CHAPTER VIII. 

INCRUSTATION. 

Oks of the greatest, and at the same time one of the most 
frequent difficulties steam users have to contend with is the 
formation of deposit and incrustation, or, as it is also called, 
scurf, scale, or fur, in their boilers. 

Where the scale does not acquire a greater thickness than 
about -^ inch on that part of the boiler where the circulation 
is most defective, and not more than that of an egg-shell, where 
the circulation is mo&t active, it may in most cases be regarded 
rather as an advantage than otherwise, forming, as it generally 
does a ooatiog to protect the boiler against the corrosive action of 
the water. But when it becomes thick enough to threaten the 
closing up of the water spaces, or when it gathers in consider- 
able quantities on the plates and tubes exposed to a great heat, 
the incrustation becomes a source, not only of annoyance and 
wasteful expenditure of fuel, but also of actual danger from 
explosion, and tends greatly to shorten the life of the boiler, 
even where no actual danger exists. The heat from the 
furnace not being carried off rapidly, as it otherwise would be 
by the fresh portions of water that are brought to it by the 
circulation, since its transmission is resisted by the thick 
coating of scurf, which is always a bad conductor, the plates 
become overheated, often to such an extent that they may in 
course of time become burnt through. The overheating due 
to the presence of incrustation may become dangerous, long 
before the plates suffer much from burning, especially iu the 
case of large furnace tubes, where the softening leads to dis- 
tortion which is soon followed by collapse and disaster. 

The formation of incrustation, when it gives rise to slight 
overheating, must add materially to unequal expansion, which 
is found to be one of the principal sources of wear and tear 
in a boiler. 
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lucmstaiion also leads indirectly to overheating by closing 
ap the apertures of /the feed-pipe, especially when the water is 
admitted throagh small hol«s. 

When of conside able thickness, and very hard and difficidt 
to remove, incrusta ion interferes greatly with the examination 
of a boiler, and re iders it no easy matter to ascertain with 
any degree of certainty the condition of the plates concealed 
from view. No doubt there are certain well-known marks of 
colour and configuration accompanying some kiuds of incrusta- 
tion which indicate with a considerable degree of certainty the 
defective condition of the underlying plates and rivet heads, 
but these indications are by no means infallible. Their presence 
often causes groundless suspicion and anxiety, and their 
absence may lead to a sense of security and consequent neglect 
likely to be productive of serious damage* 

To such a degree does the accumulation of scurf interfere 
with the efficiency and safety of some descriptions of multitu- 
bular and water-tube boilers that their employment in many 
cases has to be abandoned. Indeed, the nature of the feed 
water available is too often lost sight of in making selection 
from different classes of boilers. It should always be under- 
stood, that when very bad or hard feed water is to be used, 
the boiler should be chosen for accessibility to all its interior 
parts, as upon this circumstance greatly depends its future 
economical and safe working. 

Most waters used for stationary and locomotive boilers contain 
solid matters in solution which become precipitated by elevation 
of temperature, or are left behind by evaporation. On the 
matters ceasing to remain in solution, the first effect will br 
their deposition, and unless blown out sooner or later, the 
deposit becomes hardened, and forms incrustation. The 
quantity of matters held in solution are commonly from 20 to 
40 grains per gallon, and in some few cases reach as much as 
200 grains per gallon. But a much less quantity than the last 
is sufficient to cause serious inconvenience when present in 
boiler feed water. This may be easily shown as follows : — 
Taking the moderate quantity of 20 grains of mineral per gallon, 
of indifferent solubility, we shall have the considerable quantity 
of upwards of J cwt. left by the water boiled away in a week of 
60 hours, at the rate of 350 gallons evaporated per hour — not a 
very unusual quantity with large stationary boilers. Taking 
the specific gravity of the incrustation formed as 3, one-half 
cwt. will be sufficient to cover 250 square feet of plate with 
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a thickDess of *0144 inch. This would amoimt to -^^ iuch in 
three mouths, if allowed to accumulate. 

With the customary want of attention to blowing out and 
cleaning, we can from this readily conceive the excessive thickness 
of incrustation that may accumulate over the whole internal 
surface below the water line in a very small fraction "of the 
average life of a steam boiler. 

Besides the substances held in solution many waters hold a 
large amount in suspension, which are left behind by the evapora- 
tion. These principally consist of mud, clay, and other earthy 
matters carried down by rains and running water, or stirred up 
in canals and rivers by the passage of vessels. 

There are but few problems connected with steAm engineering 
at which inventors have tried their hands to a greater extent 
than the prevention and removal of boiler incrustations. Of 
late years it is computed that not fewer than 200 patents have 
been taken out, and the number of anti-incrustation nostrums 
tried by confiding or desperate boiler owners is the best 
evidence of the magnitude of the evil they would overcome. 

Before attempting to notice some of the various anti-incrus- 
tation schemes that abound, it is advisable to say a few words 
on the nature of the troublesome ingredients found in various 
waters. 

The mere amount of solid matter in any water is no indica- 
tion of its fitness or otherwise to be used in a steam boiler, as 
this depends almost entirely on the nature of the solid impu- 
rities contained. The presence of 50 grains per gallon of 
deliquescent salts, such for example as carbonate or chloride of 
soda would not be seriously felt with a moderate amount o{ 
attention to blowing off ; 'whereas, on the other hand, an equal 
quantity of salts of lime would render the water unfit for use, 
unless an unusual amount of care and attention were bestowed 
on blowing out and cleaning the boiler. Unfortunately the 
presence of the former description of salts is the exception, 
whilst the latter is the rule. 

The great majority of well, mine, river, stream, canal, and 
town supply waters contain sulphate of lime, bicarbonate of 
lime, and carbonate of magnesia. These, present in widely 
different quantities and along with various other impurities, 
are the principal ingredients in the waters that cause the 
greatest amount of trouble, by forming hard incrustations and 
loose deposits that retard the transmission of heat to the water. 

According to M. Coust^, the following are the approximate 
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weights of diflferent salts which one imperial gallon of water 
(70,000 grains) is capable of holding in solution when cold 
(C0° Fahr.), and when boiled in the open air : — 





60°. 


212«*. 


Carbonate of lime 

Silica 

Sulphate of lime 

Carbonate of magnesia 

Sulphate of potass 

Chloride of sodium 


merely traces. 
70 grains. 
175 grains. 
3-25 oz. 
10 „ 
32 „ 


merely traces. 
ft 

99 

99 

40 oz. 
32 oz. 


yy magnesia 
Nitrate of calcium 


206 „ 
600 „ 


580 oz. 


Chloride of calcium 


640 „ 


unlimited. 



The order of deposition in the boiler as the water becomes 
concentrated is given thus : — 1st. Carbonate of lime. 2nd. 
Sulphate of lime. 3rd. Salts of iron, as bases or oxides, and 
some of these of magnesia. 4th. The silica or alumina, 
usually with more or less of organic matter. 6. CommoE 
salt. 

With respect to the salt water used in marine boilers, it is 
found to vary in density and in the nature of its ingredients 
in various localities throughout the globe. According to Dr. 
Ure, the largest proportion of salt held in solution in the open 
sea is 38 parts in 1000, and the smallest 32. The Bed Sea 
contains, however, 43 parts in 1000; the Baltic, 6*6 ; the 
Black Sea, 21 ; the Arctic Ocean, 28-5 ; the British Channel, 
36*5 ; and the Mediterranean, 38. Faraday found the average 
specific gravity of sea-water to be 1027, that of pure distilled 
water being taken at 1000. 

The sea water used in his experiments weighed 64*1416 lb. 
to the cubic foot, and contained of 

oz. 
Chloride of sodium . . . .25-762 

Muriate of magnesia . . .. 3*282 
Sulphate of magnesia . . . 2*212 

Sulphate of lime . • .. 1*013 



32*269 



besides quantities of other salts too small to bo noticed. 

It is generally understood that the carbonate of lime, the 
Bame substance, chemically speaking, as selenite, chalk, marble. 
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and limestone, is held in solution, in fresH water, by an ezoeES 
of carbonic acid, and that in reality it is present in the state of 
a bicarbonate. By heating the water, the excess of carbonic 
acid is driven oif, and the greater part of the carbonate is pre- 
cipitated. Its solubility diminishes as the temperature increases, 
and at boiling point it is scarcely soluble at all. It is for this 
reason that in water, from which the air has been expelled, 
carbonate of lime is found in such small quantities. Carbonate 
of lime has been variously estimated as soluble in from 24,000 
to 16,000 times its volume of water, at ordinary temperature, 
or in the proportion of from 2^ to 4i grains per gallon. Ac- 
cording to M. Coust^, the solubility is nil at about 290** Fahr. 

Sulphate of lime, a substance of the same chemical composi- 
tion as gypsum or plaster of Paris, is next in importance to 
carbonate of lime. Its solubility also varies greatly with the 
temperature. According to Regnault, its greatest solubility is 
at 96° Fahr., when it dissolves in 393 times its weight of water, 
or in the proportion of 178 grains to the gallon. At 212° it is 
only soluble in 460 times its weight of water, or 152 grains to 
the gallon ; and according to M. Cousttf, like carbonate of lime 
it is completely insoluble at about 290°. It is therefore evident 
that these t\^o salts are precipitated in all kinds of water, merely 
by the elevation of temperature, when the boiler is worked at 
about 60 lbs. pressure. 

In boilers working at low pressure, the sulphate of lime could 
be partially extracted by blowing off, if the water became 
saturated with it at about 230° ; but its solution requires time, 
and the rapid evaporation precipates it more rapidly than it cau 
re dissolve. 

Carbonate of magnesia, or magnesian limestone, is the next 
important impurity in fresh water ; but it usually exists in much 
smaller quantity than the other two salts. In its relation to 
temperature, and in its behaviour in the water, it is similar to 
carbonate of lime. 

On becoming insoluble the lime and other salts remain for a 
time suspended in the water, and tend to deposit themselves 
more or less rapidly, according to the density of the water, the 
manner in which it circulates, and the intensity of the ebullition. 
Over those parts of the heating surface where the water boils 
rapidly, the insoluble salts are held in suspension by the 
agitation until the ebullition subsides, or when the circulation is 
good they are carried away with the currents, until a compara- 
Mvely quiet part of the boiler is reached, when they are de- 
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posited on the plates or tabes. It frequently happens that the 
feed pipe, itself when the feed is shut off, is one of the quietest 
spots in the boiler, and hence the amount of deposit often found 
ill it. But the furring-up of the feed pipes, irbether vertical oi 
horizontal, is mainly due to the sudden precipitation of the im- 
purities on being acted upon by the high temperature in the 
boiler. The manner in which the precipitation comes about is 
sometimes very remarkable, especially when the feed water at 
a high temperature enters the boiler neatly at the point of 
8aturation. In such cases the lime salts are deposited as they 
pass through the apertures in the feed pipe, and gather fast and 
thick on the adjacent plates, or when the feed is distributed 
through a horizontal perforated pipe, the deposit is sometimes 
found projecting for a length of two or three inches from each 
aperture, like a hollow inverted stalactite. In time, the passage 
through the aperture gradually becomes closed up, and the feed 
is consequently prevented from entering. 

It is by many supposed that the plates over the furnaces are 
most liable to become covered with a thick incrustation, as the 
greatest quantity of water is here evaporated. This is, however, 
iseldom or never found to be the case unless the circulation is 
very bad, as, for instance, over the flat stayed crowns of most 
locomotive fireboxes. In plain cylindrical and internally fired 
tubular boilers the suspended matters in the water are driven off 
the plates by the ebullition, and carried to the part of the boiler 
where the circulation is most sluggish — generally the coolest part 
of the boiler — and are there allowed to deposit. When a consider* 
able amount of incrustation is found over the fire in ordinary ex- 
ternally fired boilers, it is usually caused by the detached scale 
which has fallen from the sides of the shell, in pieces too heavy 
to bo carried away by the circulation. The danger of over- 
heating from this cause is one of the principal arguments against 
the practice of having a fierce heat under a boiler-shell, where 
the nature of the incmstation renders it liable to cover the 
furnace plates to any great degree. 

The carrying away of the deposited matter by the ebullition 
and circulation is also retarded by the presence of grease or 
sticky matters in the water, which form a paste with the im- 
purities that often proves too heavy or tenacious for removal by 
the currents in the boiler. 

The sulphate of lime, on depositing, forms an amorphous crust, 
more or less hard, according to tlie other ingredients in com- 
bination with it, and the heat to which it is exposed. The 
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carbonate of lime and carbonate of magnesia, on the other hand, 
usually deposit as a loose fine powder, forming a white sludge 
with the water. They often solidify in combination with the 
sulphate, forming a hard amorphous crust. Before deposition, 
the light carbonates precipitated are held in suspension near the 
surface of the water, and are frequently carried along with the 
steam and water into the steam-pipes and cylinder. After a few 
months' work, pistons and cylinder covers have been found 
covered with a coaticg -^g^" thick, or even more, of this fine, im- 
palpable powder. This, it is evident, in time, is liable to cause 
the breakage of the cylinder covers, pistons, or other parts of 
the engine. 

When the deposited carbonate of lime is present in consider- 
able quantity, along with other impurities, it will remain soft 
for a length of time, and if not exposed to too high a tempera- 
ture when drying or emptying the boiler, will be converted into 
a fine floury powder, of a light colour. But if the boiler be 
blown out while the plates and brickwork in the flues are at a 
high temperature, the sludge often becomes baked hard ; and 
it is to this circumstance that a great amount of the hard in- 
crustation from both the sulphate and carbonate of lime is due. 

When a boiler fed with water containing salts of lime is blown 
out cold, and the interior is examined before it becomes dry, 
the plates, tubes, and stays may be found covered with a thick 
coating of light-coloured sludgy deposit, that can be removed 
with very little trouble if brushed off or washed out with a hose- 
pipe and jet of water. Should, however, the interior be main- 
tained at a high temperature, by blowing out before the boiler 
and flues are cool, the deposit becomes baked on, and apparently 
there is not so much left for removal where the practice of 
chipping off the scale is not carefully carried out. It is for this 
reason, namely, the excuse of having little easily removable 
deposit to deal with, that many boiler attendants prefer allow- 
ing the scale to bake hard and fast on. It must be admitted 
that in many tubular boilers the task of sweeping or washing 
out the loose deposit is a very unpleasant one, and likely to be 
shirked by the majority of boiler attendants. 

Various attempts have been made to calculate the loss of 
heat caused by incrustation formed on the heating surface. But 
the circumstances to be considered which determine the rate of 
iieat transmission through plates covered by scale of different 
kinds and thickness, either homogeneous or otherwise, are not 
sufficiently well understood, and are too numerous to admit of 
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anytbing like exact calculatioi). It bas by one observer been 
stated that y^ incb of incrustation on the tubes of a multitu- 
bular boiler is equivalent to a loss of 20 per cent, of fuel, and 
that the loss increases in a very rapid ratio. 

Another observer has demonstrated that a scale -^^ inch thick 
demands an increase of 15 per cent, of the fuel, and as the 
incrustation thickens the ratio increases thus : when it is :i inch 
thick 60 per cent, more fuel is required, at ^ inch 150 per 
cent., and so on. Now it is not stated with which particular 
kind of boiler, or for which part of the boiler this statement 
holds good, nor is the nature of the incrustration stated, ol 
which its conducting power depends. Most boilers with an 
ordinary draught would be quite unworkable with ^ inch of 
scale on the furnace plates, and numerous boilers have scale 
considerably thicker than this over the greater portion of their 
heating suiface, without demanding anything like 100 per cent, 
more fuel than when the plates are clean. On the other hand, 
it has been stated, on the authority of Peclet, that a very thin 
coating of incrustration favours the transmission of the heat to 
the water, since it has been observed with new locomotive 
boilers, that the production of steam increases at first, then re- 
mains stationary, and at last decreases. It is probable, how- 
over, that the increased production of steam observed was due 
to the diminution of the priming which is generally very great 
in new locomotives, and which decreases as the grease and dirt 
are removed, and as the violent ebullition at the firebox 
diminishes when it becomes covered with a thin coating of 
scale. 

It is certain that the uniform coating of sulphate of lime 
formed hard and fast on the furnace plates even ^ inch thick, 
is not so liable to lead to overheating as the thinner, but more 
irregular deposits, that sometimes form like barnacles on the 
plates over the fire, or the scale formed of lime salts mixed 
with organic matter which adheres tenaciously, but doe? not lie 
close to the plates. Indeed, a few greasy rags lying on the 
plates exposed to the fire will lead to overheating Booner than a 
formidable-looking mass of close-lying and compact incrustation. 
But the deposit that produces most frequently the effects of 
over-heating where they are often least expected, and by many 
considered most unaccountable, is the impalpable powder found 
in the boiler when empty and dry, of which carbonate of lime is 
the chief ingredient. In consequence of the lightness of its particles 
it Is long held in suspension, and covers the surface of water as a 



106 A TREATISE ON STEAM BOILERS. 

scum. When the water becomes saturated with this substance, great 
resistance is offered to the free escape of the steam bubbles, and 
to the free convectioa of heat. The water is in consequence 
lifted off the plates by the steam that accumulates on their sur- 
face, and allows them to become over-heated. 

Ilie tendency to over-heatiDg is much aggravated, if grease 
or other organic matter be present in the water along with this 
fine floury deposit. The grease appears to combine mechani- 
cally with the carbonate of lime, and when the compound sinks 
on to the plates overnight, or when the boiler is at rest, it 
clings as a loose, spongy mass, too inert to be carried off by tho 
circulation or ebullition which it retards, and by preventing tho 
contact between the plates and the water, and by offering great 
resistance to the transmission of heat produces over-heating of 
the plates. 

The floury deposit usually consists of at least 60 per cent, 
of carbonate of lime with small quantities of carbonate of mag- 
nesia, sulphate of lime, oxide of iron and alumina, sand and 
other impurities. Its colour may be white, grey, slate colour, 
or fawn colour. When found in the boiler after blowing off, 
the colour depends in great measure upon the heat to which 
it has been exposed, being lighter on the furnace plates, and 
those over the hot brickwork, than upon the stays and upper 
paits of the boiler. Being easily washed out as sludge when 
the boiler is damp, or swept away as fine dust when dry, the 
presence of this deposit often attracts too little attention, and is 
often overlooked as a cause of over-heating. Its presence is 
usually made manifest by leakage at the seams and fracturing 
of the plate edges over tho fire, frequently accompanied by a 
gradual and steady depression of the furnace plates both in 
externally and internally fired boilers. In Cornish and Lanca-r 
shire boilers the over-heating is not so much at the crown as at 
the sides of tho furnace where the plates frequently bulge in- 
wards a few inches above the fire bars, the crown being at the 
same time forced upwards. The presence of grease in combina- 
tion with the deposit is easily recognised by heating a small 
quantity on a red-hot plate, or in a ladle. Grease is nearly 
always present when the feed is heated by the exhaust steam 
from a non-condensing engine, or is drawn from the hot well of 
a condensing engine. In many cases the system of feed heating 
by the exhaust steam, or feeding with water from the hot well 
has to be abandoned in consequence of the injury done to the 
boiler by the grease so introduced. 
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Tho tendency to over- heating when this carbonate of lime or 
carbonate of magnesia powder ia present is naturally much in- 
creased when the furnace heat is intense, either from the nature 
of the coal or the strength of the draught, or from the close- 
ness of the fire to the plates. In fact a very slight increase of 
draught from a difference in the setting of the boiler and 
arrangement of damper, firebars, or bridge, may make a 
decided change in the liability to over-heat. Cases have been 
met with, where, in a series of boilers apparently alike in every 
respect, only one has given trouble from leaking, fracturing, 
and other effects of over-heating, and it is always found that 
this boiler bums the most coals, either from having the best 
draught, or from the fires being forced in consequence of the 
bridge being too high. When the rate of fuel consumption ia 
reduced to that of its neighbouring boilers, the trouble from 
over-heating is found to cease. 

That a compact homogeneous mass of incrustation should 
prove less detrimental to the plates exposed to the action of the 
fire than a spongy, less solid, or powdery mass, is easily ac- 
counted for on the principle that loose sand forms a much worse 
conductor of heat than the solid stone from which it has been 
reduced. By way of illustration it may be remarked that if 
we take a kettle or pan, coated inside with i inch of scale, we 
can boil clean water in it with far less risk of over-heating than 
if we take a clean vessel and attempt to boil milk or water 
thickened vidth oatmeal, or other like substance. 

In the latter case in consequence of the accumulation of the 
steam bubbles on the bottom of the vessel, and the resistance 
opposed to the convection, unless it be promoted by stirring, 
the bottom of the vessel will soon become over-heated, the effect 
of which is well known to those experienced in culinary 
matter?. 

On breaking a piece of hard incrustation taken from the 
bottom or sides of a boiler, the fracture generally presents a 
scries of layers, partly crystalline and partly amorphous. The 
layers are of different thickness, from that of paper to i inch or 
more. Interspersed with these hard layers formed by the depo- 
sition of the salts, are frequently found thin soft layers of 
earthy matter, which has been held in suspension and deposited 
when the agitation of the water has temporarily ceased. It 
sometimes happens that not two of the numerous layers are 
alike in colour, consistency, or chemical composition, a fact due 
to the disturbing influence at the source of the feed supply. The 
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face of the incrastation next to the plate is very often of a 
black colour, and adhering to it is found a film of oxide of iron, 
whilst the surface of the plate is quite soft, and bears unmis- 
takable signs of wasting, sometimes to a considerable depth . 
This is usually caused by the corrosive action of the iron salts, 
and in brackish water by chloride of magnesia (muriate of mag- 
nesium). This last salt is the destructive agent in sea water. 
When concentrated it decomposes at 212°, according to Faraday, 
forming magnesia and hydrochloric acid. The latter on being 
set free rapidly corrodes the iron. 

From water containing salts of iron in considerable quantity 
the incrustation formed has often a red tinge. Chalybeate 
waters are generally highly injurious to the plates, and the film 
of incrustation next to the iron is sometimes of a deep red, 
colouring the water that comes in contact with it through the 
fissures in the scale, by which the presence of these injurious 
salts of iron is easily detected. Some kinds of the softest and 
purest waters deposit small scales in a somewhat curious manner 
over the plates about \ inch thick, of irregular shape from 
I inch to 1 inch diameter. On removing these the plate 
is found corroded underneath sometimes to a considerable 
depth. 

The means in use and proposed for preventing and removing 
incrustation may be classed as follows :— 

1. Blowing off. 

2. Introduction into the boiler of chemical agents, to render 
the impurities in the water more soluble. 

3. Introduction of mechanical agents calculated to prevent 
the accumulation of the deposited particles into a solid mass, 
and to diminish their adherence to the plates and tubes. 

4. The employment of internal collecting apparatus, from 
which the deposit can be removed more readily than from the 
plates and tubes. 

6. The improvement of the circulation by braticing or 
separating the upward and downwards currents by plates or 
tubes. 

G. Purification of the water previous to its delivery into 
the boiler by heating, treating with chemical re-agents, or 
filtration. 

7. Surface condensation. 

8. Cracking off the incrustation already formed by suddenly 
expanding or contracting either the scale or the plates. 

9. Kcmoval by manual labour. 
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1 0. Employment of galvanic or other agentg whose action 
is not understood. 

11. Allowing the boiler to cool slowly and completely before 
blowing out. 

1. Blowing off is the readiest, and therefore the most fre- 
quently used means for both the prevention and removal of 
incrustation. In most laud boilers the blow-off tap is only in 
communication with the boiler bottom, and in most cases its 
effect is too much localised to be of any great value as a pre- 
ventive of incrustation. But there are many boilers provided 
with one or more internal pipes, extending from end to end 
along the bottom, and in connection with the blow-out tap. 
These pipes are usually carried about 1 i clear of the plates, 
and perforated on their under side, where the holes are not so 
liable to choke up as on the top. The common practice is to 
use this bottom blow-out apparatus twice or thrice a day, with 
the boiler at work. 

When this apparatus is kept in good order, experience has 
shown it to be of marked value where the impurities are heavy 
and sink to the bottom. But when the water contains much 
carbonate of lime and carbonate of magnesia, and other ingre- 
dients of light weight, it is found better to blow off after the 
boiler has been for some length of time quiet, and the deposit 
has had time to settle. 

Perhaps the best indirect proof of the eflBciency of the 
bottom blow-out apparatus is shown in the liability of the 
blow-out pipe to become completely furred up if not regularly 
used, when^ it renders the emptying of the boiler no easy 
matter. 

The fact of the impurities in many boilers being held in 
suspension for some time by the agitation of the water after 
they cease to be soluble, and floating as scum on the surface, 
has suggested the plan of using surface blow-out apparatus. 
Several arrangements of this kind have been invented and are 
extensively used. They are all alike in one respect — they offer 
A quiet place, free from the agitation caused by the ebullition, 
for the deposit to settle in. The deposit that collects is blown 
out at intervals. 

One arrangement, at one time much used, consists of one 
or more trumpet-shaped mouthpieces, in which the scum 
collects, placed in communication by vertical pipes with the 
horizontal bottom blow-out pipe. The mouth is best placed 
horizontally across the boiler, and facing the front end to meet 
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the surface currents, which always set backwards from the fire. 
This arrangement is very objectionable when applied to most 
descriptions of intemaHy fired boilers as the pipes, both hori- 
zontal and vertical, greatly increase the already very arduous 
task of cleaning out the boiler bottom. It very frequently 
happens that this interference with the sweeping out and 
cleaning produces a greater evil than it seeks to remove, and 
no permanent advantage can be expected from the introduction 
of pipes or other obstacles along or near the bottom of Cornish, 
Lancashire, and similar kinds of boilers. 

In order to act with equal efficiency as the water level rises 
and falls, apparatus have been introduced to float on the water, 
but the incrustation interferes with their freedom of action, and 
in many cases they soon become fixtures. 

Another surface blow-out apparatus consists of a 3-inch or 
4-inch pipe, with a trough cast on its upper side, communi- 
cating with a blow-out tap, usually fixed on the boiler front. 
This, cast in short lengths to admit of being passed through 
the manhole, extends from end to end of the boiler, and is 
fixed so that the top of the trough is just about one inch below 
the mean level of the water. In order to be most efiective, 
Buch an apparatus should be placed in the middle of the boiler, 
but here it would greatly interfere with the cleaning of many 
kinds of boilers ; and for this reason, and also for facility of 
fixing, it is usually placed on one side. It is usual to have 
only one pipe in ordinary sized boilers, but two would answer 
better in a boiler sufficiently large for their admission without 
interfering too much with the cleaning out. 

The single surface blow-out apparatus, just described, has 
been extensively, and in very many cases successfully, used. In 
Fome cases, however, it has fallen into disuse and been aban- 
doned, in consequence of the little additional amount of labour 
necessitated in keeping clear the perforations along the top of 
the pipe, without which they are liable to become choked up, 
which renders the apparatus worse than useless, as it must 
always interfere with the free access to some part of the boiler. 
The plan of keeping the perforations clear by introducing the 
feed through them has been patented, and has given satisfac- 
tory results* Since it is absolutely necessary that the feed 
inlet should be kept clear, this plan ensures the requisite 
amount of attention being paid to the blow-out apparatus. 

An objection sometimes raised against surface blowing out is 
the waste it causes, which is stated to outweigh any small 
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advantage it may afford. It may happen that the waste ia 
blowing out the hot water may be greater than the loss arising 
from the deposit it is sought to remove. This will, however, 
depend upon the manner of using the apparatus, and as this 
is a matter of some importance, we will consider the principles 
on which its efficiency depends. 

If the deposits were produced merely by the concentration 
of the water, that is, if they were precipitated only on the water 
arriving at the poiut of saturation ; and assuming the concen- 
tration to be uniform throughout the boiler, incrustation could 
be almost completely prevented by blowing off from any part 
below the water level In this case it would only be necessary 
to extract a quantity of water containing a quantity of salts 
equal to that contained by the feed introduced. If the feed 
contained 1 per cent, of any salt, and it required 3 per cent, 
to saturate it, there would be no precipitate if one-third the 
quantity of water introduced were blown out, the water in the 
boiler being thus maintained below the point of saturation. 
Ordinary sea water contains about -^-^ of its weight of common 
salt. As the brine in the boiler should never be allowed to 
exceed treble that strength, the volume discharged should bo 
equal to half the volume of water evaporated. In many cases 
it is inadvisable to allow the brine to rise above double the 
strength of ordinary sea water, or to exceed -^ of saltness ; the 
brine discharged should then be equal in volume to the nett feed 
water, or the quantity evaporated. The loss arising from 
blowing out is given at page 308. 

It is evident that the beneficial results obtained from blowing 
out the brine at sea would always be produced with the other 
deposits if they were suspended equally throughout the whole 
body of water in the boiler on ceasing to be in solution. 
Unfortunately, however, nearly all the matters excepting the 
salts of soda are precipitated by the mere elevation of tem- 
perature, and are no longer in solution at ordinary working 
temperatures. The heavy sulphate of lime deposits, the moat 
troublesome to remove, are not long held in suspension. It i^i, 
therefore, useless to rely upon blowing out a large quantity of 
water to prevent the formation of sulphate of lime scale. Tho 
lighter particles of carbonate of lime, which are longest held 
in suspension when the water is in agitation, although in 
gi'eat measure removable by surface blowing out, are not 
readily extracted by blowing out a large quantity of water at 
long intervals, as many suppose. Careful observation haa 

I 2 
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sliown that vfhen either a surface or bottom blow-oiifc tap of a 
land boiler is opened, the deposited matters that have gathered 
in the pipes are copiously discharged all at once. In ordinary 
cases their flow does not last longer than from 6" to 10". 
Unless highly soluble salts, as those of soda, are present, the 
water discharged after this contains but little incrustation 
matter, and the blowing out is therefore only a waste. The 
proper manner of using blow-off taps, where the object is to 
extract the lime and magnesia salts, is to open them at least 
every hour, or as soon as the deposit has had time to accu- 
mulate in the pipe, for about 10" or 12'' at a time, rather than 
for 60" or more every three or four hours, which is the prevail- 
ing custom. This practice will doubtless cause a greater 
amount of wear and tear of taps and packing, and will demand 
more attention than is usually given. 

2. The number of chemical substances introduced into boilers 
with a view to increase the solubility of the contained salts, by 
decomposing them, is very large, and their use has been 
attended with widely varying degrees of success. 

Perhaps the most extensively employed of these substances, 
since it is the cheapest as well as one of the most effective, is 
carbonate of soda — the common soda of commerce. White ash, 
or soda ash, being cheaper, is often used instead, but is less 
effective. Soda is found to act w^ll in preventing and removing 
incrustations, consisting of both sulphate of lime and carbonate 
of lime. The manner in which the soda and the sulphate in 
the water react on each other is readily understood. These two 
salts exchange their acids, the result being the formation of 
sulphate of soda, which is very soluble, and carbonate of lime, 
which, being absent from any carbonic acid in excess, is insolu- 
ble, and precipitates without forming a hard incrustation. The 
reaction on the bi-carbonate of lime contained in the feed water 
leads to the same result — the precipitation of tho limo salts. 
The carbonic acid in excess is seized upon by the soda salt, and 
the carbonate of lime is very rapidly precipitated. The carbonic 
add taken up by the alkaline carbonate is however liberated 
again by the heat, and the soda is in its original state, and 
ready to act again as before. This is probably the reason why 
a very small quantity of soda is found to act with suc^ effect in 
a very large quantity of water. 

The carbonate of lime, after settling, which it does mo?it 
quickly in the quietest parts of the boiler, remains for the most 
part as sludge that can be easily washed out, as has already been 
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stated, and therefore the boiler should be cooled gradaally, and 
not emptied whilst the brickwork and plates are still hot enough 
to bake the slue] go into a hard incrustation along with the 
sulphate of lime usually found with it. Before settling, this 
precipitate, in consequence of its minute division, is carried by 
the agitation of the water to the surface, and remains for a time 
as a scum, although the specific gravity of the solid carbonate is 
about 2-7. For the above reason, when lime salts are present 
in any considerable quantity, the use of soda should always be 
accompanied by frequent and regular blowing out, to prevent 
priming, and the overheating that is liable to take place from 
the thickening of the water, or from the settling of a large 
quantity of deposit on the furnace plates when the water is 
allowed to become quiet — as at meal times. 

The common practice of introducing the soda is to empty a 
bucketful, or other quantity, in the solid state, through the 
manhole when the boiler is filled and ready to start after clean- 
ing, or else to drop it periodically, at intervals of a few days, 
through the safety valve, when the steam pressure can be allowed 
to fall. Now, there is one great disadvantage in thus intro- 
ducing soda into a boiler in consideraMe quantity at a time, 
namely, the tendency it has to cause priming and all its accom- 
panying evils, even to the breaking of cylinder covers, <feo. The 
liability to cause mischief from the injudicious use of soda has 
frequently led to its abandonment, and, like many other useful 
agents, the evils attending its abuse are worse than the evils its 
judicious employment would remove. 

The plan of introducing the soda into the water tanks or hot- 
wells of condensing engines from which the boiler is fed cannot 
be recommended, as a great quantity of the water usually runs 
to waste, and consequently no proper estimate can be formed 
of the quantity of soda that actually reaches the boiler. The 
best method in all oases is to dissolve the soda, and introduce 
it continuously with the feed, which can be done by connecting 
the vessel containing it with the suction pipe of the pump that 
supplies the boiler. The rate of flow can be regulated by a 
small tap between the suction pipe and the vessel contiCining the 
soda. When the boiler is fed with an injector, there should be 
a small tank from which the feed is drawn, in which the soda 
can be dissolved. This tank should be drained by the injector 
from time to time, to insure the introduction of all the soda into 
the boiler. The proper amount of soda to be used is best found 
by expericuce. The usual quantity varies from 1 lb. to 2^ lbs. 
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per day, according to the qiiaHty and quantity of the wafcei 
evaporated. "With soda ash a larger quantity will be required, 
and with caiLstic soda-a smaller quantity. 

When used in excess, soda is by many considered to destroy 
the engine packing, and to attack the brass work below the 
water level, such as the water gauges and other mountingd on 
the boiler front. There can be no doubt that the brass taps 
and valves often require more frequent regrinding to keep them 
tight when soda is used in the boiler. This, however, may be 
attributed to the increased amount of fine grit and powder 
caused' to float on the surface, which acts rapidly on the braas 
wearing surfaces, and is another reason why an efficient surfaot 
blow-out should be provided when soda is used in water con- 
taining much carbonate of lime. 

Soda does not act injuriously on the boiler plates, unless the 
salt is concentrated from want of sufficient blowing off, or 
unless the soda itself is impure, and contains acids. Tet it 
has often been charged with causing internal corrosion in all its 
various forms. The belief in its injurious action has in many 
cases arisen from the following cause. In boilers fed with water 
containing corrosive impurities, together with matters that form 
a thick incrustation, the damage done by the former is in time 
to a great extent prevented, and sometimes altogether con- 
cealed by the scale formed^ On employing soda, and particularly 
caustic soda, to remove the incrustation, the defects in the 
plates, whose presence may not even be suspected, become ex- 
posed, and being attacked anew by the acids in the water used 
for washing out the boiler, which are not neutralized by the 
soda, are caused to " bleed." This gives them the appearance 
of having been recently formed, and their presence is at OQce 
set down to the action of the soda. 

This leads us to the consideration of another valuable 
property of common soda, namely, its power of neutralising the 
free acids so often found in the purest waters used for boiler 
feeding, as well as in those containing large quantities of im- 
purities, and which are the direct cause of pitting and other 
forms of corrosion. The introduction of about half a pound of 
soda per day into an ordinary large-sized boiler is generally 
found sufficient to prevent, or at least to greatly mitigate, any 
corrosive action. 

The well-known property soda has of dissolving and removing 
grease, which constitutes one of its chief values when used for 
domestic purposes, renders it very useful in overcoming the 
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difficulty often caused by the presence of grease in the wat-er. 
The foaming up of the water is increased by the addition^ of 
soda when grease is present This, if allowed to take plac^to 
any groat extent, is liable to give trouble by priming ; iknd 
again, on this account, a scumming apparatus or surfitoe 
blow out should be used whenever soda is used with greasy 
water. 

The low price of soda-ash leads to its use instead of common 
soda ; but it is often sold in a very impure state, and mixed up 
with other matters whose introduction into the boiler had better 
be avoided. 

Caustic soda is also used, but is said to have a slightly corro- 
sive action when concentrated. It removes hard sulphate of 
lime incrustations more rapidly than common soda, and should 
be employed in smaller quantities. Its use should always be 
accompanied with frequent blowing off. 

Potash, or carbonate of potassa, acts with salts of lime and 
magnesia nearly in the same manner as common soda. Carbo- 
nate of ammonia acts similarly on lime salts, but does not pre- 
cipitate magnesia. 

Chloride of barium or muriate of baryta decomposes sulphate 
of lime, forming sulphate of baryta, which is precipitated. The 
chloride of calcium or muriate of lime left behind is very solu- 
ble, but when allowed to become concentrated is Hable to lead 
to corrosion. 

The above, and many other chemical compounds, have been 
recommended for the prevention of iucrustatiou, but as none of 
them can compare, commercially speaking, with soda, they are 
not likely to be much used. 

Catechu, nutgalls, and other astringents containing tannic 
acid, have been found effective in preventing and removing in- 
crustation. The tannic acid decomposes the lime salts, and 
forms tannate of Hme, which is insoluble at first, and forms a 
scum which should be removed by surface blowing off. The 
remaining soluble constituents should also be blown off fre- 
quently, as their concentration is liable to tell severely on the 
iron unless the acids be neutralised by sufficient alkaline sub- 
stances purposely introduced. Where tannic acid is found to 
act well, perhaps the best mode of supplying it is to suspend in 
the boiler a log of oak wood with the bark on, from which the 
acid is gradually extracted. En all cases where tannic acid is 
used, its effect on the plate« and tubes should be carefully 
watched. 



176 A TREATISE ON STEAM BOILERS. 

Sal-ammoniaCy or muriate of ammonia, has also been success- 
fully used for preventing and removing incrustations, consist- 
ing chiefly of carbonates of lime and magnesia. The chlorin? 
contained in it forms with the lime chloride of lime, which is 
soluble, and can be got rid of by blowing off. The remaining 
compound, namely, carbonate of ammonia, is soluble, and also 
volatile, and may pass off with the steam ; but when it becomes 
concentrated, it attacks the plates and brasswork about the 
boiler, and on this account the use of sal-ammoniac is said, in 
many cases, to have been abandoned. 

For removing incrustation already formed, hydrochloric or 
muriatic acid has been recommended. It is usual to introduce 
it before the boiler is cooled down previous to cleaning. It 
dissolves the deposits of carbonates of Hme and magnesia, form- 
ing the soluble chlorides of lime and magnesium, which pass 
away with the water on emptying, or being in a state of sludge 
can be readily washed or swept out. Unless used with very 
great care this acid is very liable to attack the plates and tubes 
seriously, and on this account its employment cannot be recom- 
mended. Arsenical and other compounds have also been re- 
commended and used in a limited degree. One important 
circumstance in connection with the employment of these sub- 
stances should be noticed. On account of the expense attend- 
ing their use it is too often recommended not to blow out the 
water from the boiler for a length of time, during which the 
boiler is working, in order to get the utmost benefit from the 
ingredients. The effect of this is to thicken the water to such a 
degree by the concenlaration of solid matters as to endanger the 
safety of the boiler from overheating. 

It frequently happens that there is a choice of two waters 
for feeding the boiler ; the one a spring or brook, containing 
ingredients that form a hard incrustation, the other a surface 
water containing peatly or other acid substances, which act 
injuriously on the plates, but at the same time dissolve the 
calcareous matters deposited by the first. In such cases it is 
found of great advantage to play one water off against the 
other, the hard water being used first to protect the plates, and 
the other afterwards to remove the incrustation formed. 

The use of chemical substances for preventing and removing 
scale by rendering it soluble is most required in boilers inacces- 
sible for hand cleaning, or for the solution of large fragments of 
scale that have been loosened or detached by agents that act 
mechanically ; and as such boilers cannot be well examined 



INCRtTSTATION. 177 

{nternally, the greater care is necessary not to introduce any- 
thing into them that is liable to injure the plates. 

3. The substances used to act mechanically in preventing 
and removing incrustation by decreasing the cohesion and ad- 
hesion of the deposited particles, are even more numerous than 
those employed to act chemically in decomposing and dissolving 
the solid matters. In fact it is difficult to mention any common 
commodity that has not been employed to prevent incrustation 
in one way or the other, although the manner in which different 
substances may act is often not understood by those who employ 
them. 

The substances that act mechanically may be divided into two 
classes, namely, first, those that envelop* the precipitated solil 
particles in a glutinous or slimy coating, which prevents their 
adherence to each other, and to the plates and tubes ; and, 
secondly, those that act by diffusion among the particles, so as to 
prevent their cohesion by interposition. Belonging to the first 
clasa are such articles as Irish moss and some other species of 
marine algse, potatoes, tallow, oil, starch, linseed, sugar, 
molasses, stearine, gum, dextidue, and a host of similar in- 
gredients. Flitches of spoiled bacon have been cut up and put 
inside boilers, bones and all. In a few instances whole dead 
carcases of pigs, dogs, rabbits, and other animals, have been 
introduced, iitith the object of boiling the fatty matters out of 
them. The danger of using such expedients as those last 
enumerated need not be dwelt upon. However well the use of 
greasy substances may have been found to answer in individual 
cases, it has nevertheless been the cause of an immense amount 
of trouble. It has already been pointed out that grease is a source 
of danger in a boiler, and on no account should it be used, 
especially when the feed water contains carbonates of lime and 
magnesia. The maj ority of the above substances are largely used 
in different countries ; and the benefit resulting from their em- 
ployment in many cases cannot be disputed. But the common 
practice of introducing lumps of tallow and other substances 
cannot be too strongly condemned. The tallow of commerce 
varies considerably in its nature, and in its behaviour inside a 
boiler. It is usually assumed that it melts immediately the 
water becomes hot, but there are numerous instances of largo 
pieces of unmelted tallow having been found inside a boiler 
after working for two months at 40 lbs. pressure or more. In 
some cases the tallow seems to change its nature on becoming per* 
moated by the steam. It sometimes combines with the calcareoni 
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matters, and forma into small round balls, by being rolled about 
the boiler bottom. These are easily removed when the boiler 
is cleaned out, but are liable to cause trouble if they lodge on 
the furnace plates. The tallow appears to combine with the 
lime salts, forming an insoluble soap, which will remain for 
any length of time unaltered in the boiler. The introduction 
into a boiler of some of the glutinous substances mentioned has 
sometimes a wonderful effect in detaching large pieces of incrus- 
tation that can only be likened to flags. The greasy matter 
insinuates itself in an irresistible and curious manner between 
the layers of scale and the plates, and the variations of tem- 
perature or a few blows with a hammer complete the detach- 
ment. Some of the more viscid substances act better than oil 
in this respect : they appear more searching and tenacious. 

Belonging to the second class are clay and similar substances, 
which are mixed with water and introduced along with the feed. 
Mixing intimately with the other solid particles as they become 
disengaged, the clay prevents their cohesion. This action is, 
however, by no means certain, and it is obvious that this ex- 
pedient only adds to the solid matters held in suspension, which 
too often find their way to the engine cylinder, and are very 
liable to settle upon the furnace plates when the damper is 
closed and the boiler is quiet at meal times and over night. 
Experience has proved the disadvantage of this method, and it 
is now but very rarely employed. Colouring matters, such as 
logwood, are found to act in a similar manner to the above in 
preventing the cohesion and accretion of deposit. They are 
introduced either in the form of powder or chips. In the 
former shape, however, the substance is likely to cause trouble 
at the cocks and valves. 

In order to prevent the adhesion of the deposited matters, it 
is a common practice to smear the plates and tubes over with 
slimy or oily mixtures every time the boiler is emptied and 
cleaned. A favourite mixture consists of tallow, blacklead, and 
soft soap ; railway grease and other similar substances being 
sometimes added. Provided the coating of grease is thin, and 
laid carefully on with a brush, it is far less objectionsble than 
the introduction of grease into the boiler in large pieces, or 
even in a fluid state, when it is always liable to stick to the 
plates and cause overheating. Tliere are many cases where 
boilers fed with water containing sulphate of lime have been 
kept very free from incrustation when the smearing is frequently 
and carefully carried out. 
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There is yet anollier way in whicli foreign particles added to 
the feed water, and which have no tendency to cohere or con- 
glomerate, act in preventing the hardening of the incrustation 
on the plates. They form nuclei, round which the particles of 
lime and other salts collect before they subside. These centres 
of deposit do not readily agglomerate, and can be easily removed 
by washing out. Sand, and sawdust of dLQTerent kinds of wood, 
but principally mahogany, have been used with this object. 
The great objection to this method in some cases is the liability 
of the small foreign substances to be carried over into the 
cylinders, and there cause trouble ; and the employment of 
such a substance as sawdust is not conducive to safety and con* 
venience in working the taps and valves about the boiler. 

A great number of the proprietary anti-incrustation compo- 
sitions act mechanically, others depend upon a chemical action 
for their alleged efficiency, whilst a few aim at supplying both 
modes of action for the prevention and removal of incrustation. 
These compositions are often sold as being efficacious with all 
kinds of water. The possession of any such efficacy is scarcely 
worthy of emphatic denial. A composition that may act bene- 
ficially in one kind of boiler, and with a certain water, may 
prove actually dangerous when used under di£ferent conditions 
of boiler arrangement and water. The remark may be here 
repeated, that with a view to prevent wasting any of the 
composition, often purchased at an exorbitant price, a recom- 
mendation is frequently given not to blow off the boiler for some 
time, perhaps a week, after the composition is introduced, in 
order that it may be used to the greatest advantage. This 
advice should never be followed, as the bottling up of a boiler 
for a length of time, and thereby concentrating a large quantity 
of carbonates of lime or magnesia, in combination with greasy 
or glutinous matters, is attended with great risk of overheating. 
There is also another consideration which should not be over^ 
looked : the purchase of these nostrums has often an indirect 
tendency to make matters worse rather than to improve them, 
for their certain efficacy is so highly lauded by the vendors that 
the boiler attendants think they have nothing else to do th-in 
introduce the composition according to directions, and spare 
themselves all further trouble of carefully removing the sciilo 
by chipping or washing out when the boiler is periodicallj^ 
emptied. The result of this is annoyance, expense, and actuad 
danger. Instances may be cited where the purchase of a well- 
known anti-incrustation compound to the extent of nearlr 
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£200 per annum has ouly resulted in shortening the life of the 
purchasers' boilers by 50 per cent. 

4. Besides the bottom and surface blow-out apparatus, the 
plan has also been tried of suspending in the boiler independent 
vessels of various descriptions, blocks of wood, pieces of sheet 
iron, and other suitable contrivances for the deposit to settle 
upon instead of upon the plates. These can be taken out of 
the boiler and the scale removed by hammering, or cracked off 
by sudden expansion and contraction. This principle is most 
fully carried out in the method, which has been to some extent 
•adopted, of lining the boiler shell with a series of short lengths 
of plate, which are kept a few inches distant from the boiler by 
suitable distance pieces, forming, in fact, a duplicate bottom 
and sides, which terminate a few inches below the water level. 
By this means the passage for the escaping steam particles and 
ascending current of water is contracted, and the rapidity of the 
circulation increased in proportion. The solid matters carried 
by the circulation over the top of the plate are deposited on the 
inside lining, where the water is comparatively quiet, whence 
they are removed bodily with the lengths of plate through the 
manhole. It is obvious that this plan is most applicable to 
plain cylindrical boilers. The objection to it appears to be the 
difficulty it offers to cleaning and examining the boiler plates 
when the casing becomes too thickly coated with a hard incrus- 
tation to admit of ready removal and replacing, which it will 
inevitably do in course of time, with very bad feed water, unless 
care be taken that the boiler is not cooled down rapidly 
previous to emptying for cleaning. So long as the boiler 
is gradually cooled and emptied cold much of the deposit 
will remain soft, in which state it would also be found, at 
least to a great extent, under the same conditions without the 
casing. 

5. The prevention of the deposition of the solid matters 
where they would prove troublesome, is effected by improving 
the circulation of the water either locally or throughout the 
boiler by the method last noticed, and other similar devices, as 
well as by the addition of water tubes in Cornish and Lanca- 
shire boilers. There are several patented arrangements of 
tubes for improving the circulation and increasing the amount 
of heating surface in boilers of limited size, which are said to 
remain free from scale by virtue of the circulation maintained 
within them. This is true with moderately good water, and 
where they arc well attended to, but with very bad feed watei 
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and ordinary attention most kinds of " improved circulation ^ 
tabes will be found to give trouble. 

6. The employment of external collecting vessels in wbich 
the calcareous and other matters are deposited previous to the 
entrance of the water into the boiler has long been in vogue as 
a preventive of incrustation. The carbonate of lime may be 
precipitated in close or open vessels or in pipes, by the applica* 
tion of the waste heat from the boiler, or by heating the water 
with the exhaust steam. In order to throw down any con- 
siderable quantity of sulphate of lime, the water must be very 
highly heated, and pipes placed in the flue may be employed. 
It is evident that this is only removing the annoyance one 
degree, as the incrustation which forms in the secondary vessels 
in its turn requires removal. It ia on this account that this 
mode of purification is not more extensively adopted. It must, 
however, be urged in favour of this system that when the cal- 
careous matters are extracted in sufiScicnt quantities to keep the 
boiler in a satisfactory condition, the danger from overheating 
should be removed. 

Dr. Clark's well-known process of purification oomes under 
this head. Instead of applying heat, this method consists in 
adding a measured quantity of lime in solution to the water 
containing bicarbonate of lime. The added lime combines 
readily with the carbonic acid, and the resulting carbonate of 
lime is precipitated along with the disengaged carbonate which 
was held in solution as a bicarbonate. 

When the water contains also sulphate of lime, this may be 
subsequently precipitated by the addition of soda salts. Indeed, 
both the lime salts could be precipitated in a single process by 
a solution of carbonate of soda, but the double process would 
probably prove less costly in the long run. In these chemical 
processes the water should be analysed, and the proper amount 
of lime or soda to be added determined by actual test. "Where 
the quantity of lime salts varies considerably at difierent times, 
these chemical processes are scarcely applicable, in consequence 
of the number of tests necessitated to arrive at the proper 
quantity of lime water to be added. Clark's process has been 
employed to some extent with success, but it appears too deli- 
cate in its application to come into general use. When com- 
pletely carried out, the purified water requires filtering, and this 
necessitates the employment of two or three separate tanks, and 
an amount of attention which is not easily obtained. It is pro- 
bably only where the water available is so bad as to be quit« 
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uuHt for use that this system is employed. The space occupied 
by the external collecting vessels and tlneir additional weight, 
renders the plan inadmissible in many cases. It may be re- 
marked that many of the anti-iDcrustatiou compounds might be 
applied with more advantage and less danger in external purify- 
ing vessels than in the boilers. 

7. In those cases where the feed water holds much foreign 
matter in suspension, usually in the foinoa of sand or clay, it 
is advisable to resort to filtration, by forcing the water up- 
wards through a series of layers of pelibles, bones, or other 
suitable materials. These, in their turn, require frequent 
cleaning, which is usually best effected by turning on a 
current of ste/^m or hot water through ^<hem as often as found 
necessary. 

8. The systt;m of surface condensation, found so efficacious 
with salt water in sea-going steamers, has made remarkably 
little progress m its application to land boilers and condensing 
engines. 

This system consists in passing the stoam from the cylinders 
in one direction over the internal or external surface of a num- 
ber of tubes, where it is condensed by contact with the surface, 
cooled by a stream of water (or, more rarely, by a current of 
air) passing continually in the other direction and on the 
other side of the tubes. The condensed steam is thus ren- 
dered capable of being used continuously over and over again 
in the boiler. There can be no doubt that this method could 
be applied with advantage in using many descriptions of water 
acidulated, or impregnated with salts th»t cause trouble in the 
boiler. 

It has been found that very pure or distilled water acts 
injuriously on the plates, and in most cases where surface con- 
densation is used it is advisable to allow the internal surface 
of the plates and tubes to become covered with a very thin 
coating of incrustation, in order to pirotect them from the 
corrosive action of the water. This coating, in some cases, it 
will be found necessary to renew from time to time by using 
a certain quantity of water containing Ume-salts, which it may 
be necessary to supply artificially. 

In some surface condensers the side of the tubes in con- 
tact with the steam is found to become coated and clogged 
with grease. This can be best removeii by washing with an 
aqueous solution of soda or potash. 

In using sea water for surface condensation no trouble is 
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likely to arise with the water side of the tubes ; but in using 
fresh water, containing bicarbonate of lime, the elevation of 
temperature will cause the precipitation of the lime salt, 
which will rapidly incrust the surfaces it comes in contact with 
and so impair the eflBciency of the apparatus. It is, perhaps, 
on this account that surface condensers are not so applicable to 
many kinds of fresh water as to sea water. 

It has also been found that the grease carried over from the 
engine cylinders, in using the condensed steam unchanged for 
a lengthened period, acts injuriously in pitting the plates and 
iron tubes of the boilers. This defect has been ascribed by 
many to the decomposition of the grease and tallow by the 
protracted action of the steam and hot water, by which a fatty 
acid is formed that attacks the iron where the grease lodges. 
The fact of small particles of brass and copper having sometimes 
been found in the pitted holes, has given rise to the opinion 
that the corrosion is due to galvanic action. This supposition is, 
however, rendered improbable by the fact of the pitting being 
often more marked when no brass or copper is, or can be, 
present. The action of the acids can be prevented by intro- 
ducing solid carbonate of lime or other substances having 
similar chemical properties, which will form with the acid a 
solid insoluble soap. This plan is, however, open to the 
objection that the heavy compounds are liable to settle upon 
the plates or tubes, and cause overheating. 

9. When incrustation has once formed the safest plan for 
its removal is to chip it off carefully with suitable tools. 

This is sometimes a most laborious and slow operation where 
the construction of the boiler is at all complicated and the 
scale is refractory. In such cases the chipping is by no means 
a simple process, and the ingenuity of the engineer is often 
taxed to devise suitable tools for acting effectively on inacces- 
sible parts of the boiler. The chipping should always be care- 
fully done, so as to injure the surface of the plates and ril^t 
heads as little as possible. By rough and careless workmen 
the indentations made in the iron with the chisels and picks 
only serve as so many points for the firmer adhesion of the 
scale subsequently formed, and from which it is always more 
difficult to remove than from the unbroken surface of the 
plates. Any corrosive agent present in the water has also a 
better opportunity for attacking the iron when the surface is 
broken. 

10. Perhaps the most objectionable method of removing 
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the incrnfltation, althougli frequently employed, is to crack 
it oflf by suddenly contracting or expanding the plates or 
the incrustation itself. The contraction is eflfected by sud- 
denly letting into the boiler, after blowing off with the stea.n 
up, a volume of cold water, or opening wide the furnace 
doors, chimney damper, and entrances to the fiiues as soon as 
the fire is drawn. Thu is often found to bring the scale off 
in large fragments, or so to loosen it that it falls off during 
the subsequent working of the boiler, if it does not readily 
admit of being immediately hammered or wedged off. The 
consequences likely to arise from this reckless practice are too 
obvious to require special comment, suffice it to remark that it 
has directly caused the destruction of many a boiler, and indi- 
rectly the loss of many a life. It is an expedient too often re- 
sorted to by attendants who have an interest in showing the 
apparent efficacy of many worthless boiler incrustation remedies. 
Unscrupulous vendors of compositions and other alleged methods 
of removing incrustation have been known to bribe boiler 
attendants, who, in order to convince their employers of the 
alleged beneOt arising from the use of the vaunted nostrum, 
are compelled to have recourse to the reckless measure in 
question. 

The removal of scale by expansion is effected by cooling 
the boiler down, either suddenly or gradually, and tdlowing it 
to stand until quite cold, when steam superheated, or as hot 
as it can be procured, is let suddenly into the closed-up 
boiler. This has the effect of causing the incrustation to ex- 
pand more rapidly than the underlying plates, when it breaks 
and falls off, or loosens its hold sufficiently to admit of being 
easily removed by manual labour. This expedient is only 
sometimes successful, but is always attended with a risk of 
starting the seams and joints, and so causing injury to the 
boiler. Its use cannot therefore be recommended. It has 
often been tried and failed, especially when the outside of the 
boiler is still warm, and the incrustation is covered with 
moisture, which prevents the sudden effect of the steam where 
it is required. 

11. Attempts have been made at various times to prevent 
the formation of scale, and to remove it when already formed, 
by magnetism. The manner in which the electric current is 
induced in some of the so-called magnets that have been em- 
ployed is by no means clear, and in some instances the pro- 
duction of any electric action is more than doubtful. And, 
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even supposing a current to be produced by the disturbance of 
the electric equilibrium, in the disengagement and discharging 
of the steam, the whole electric force, even when couceutrated, 
is probably so small in amount under the unfavourable con« 
ditions found in a boiler, as to be of no practical importance. 

Again, the manner of action of the electric current in pre- 
ventiDg the deposit from forming or hardening is not known. 
Whether a' vibration of the plates and tubes is caused, or 
whether they are made to expand and contract continuously, in 
such a manner as to loosen the scale and prevent its adherence, 
is by.no means clear, and it is certain that any such actions 
could only prove detrimental to the boiler. 

The employment of electricity as an anti-incrustative agent 
is almost abandoned at the present day, but we may shortly 
expect a revival of it in one form or another. 

That this means of removing scale has been stated to be 
successful on what should be good authority there can be no 
doubt. But in more than one case it has been found that 
gold and not electricity was the agent to which the incrustation 
yielded. Any unscrupulous boiler attendant, by suddenly 
cooling the plates when emptying the boiler, can produce 
results which he can ascribe to the efficacy of any kind of 
anti-incrustator it may be to his interest to extol. 

12. The simplest, and at the same time the most neglected, 
method of preventing and removing incrustation, is to allow 
the boiler to cool as gradually as possible, and to stand with 
the cold water in for a few days before emptying, which should 
be done frequently. By this means, which, however, in mott 
cases requires the use of a spare boiler, the deposits are saved 
from being baked hard and fast to the plates, and the sulphate 
of lime already indurated has an opportunity of redissolving in 
the cold water, and on emptying a boiler with moderately bad 
water, a much greater amount of silt, mud or sludge will be 
found all over the inside below the water line than when the 
boiler is blown out with steam up. 

Now, the difficulty of getting men to undertake the unplea- 
sant job of wallowing amongst this wet mud in the attempt to 
brush it out of some kinds of boilers is the principal objection 
the advocates of this plan have to contend against. The labour 
can, however, be much shortened by washing out the sludge 
with a hose pipe when a head of water is available Boilers, 
by this simple method, and the use of a small quantity of soda, 
have been relieved from the evil of thick incrustation after the 
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failare of many expensive boiler compoiitions. Against thli 
method it is sometimes urged that the bottom blow-out pipes 
become choked up unless the boiler contents are emptied while 
there is still a considerable pressure after the fires are drawn. 
This objection always proves a defect in the arrangement or 
attention to the blow-out apparatus rafher than any defect 
involved in the principle recommended. When it is required 
to cool a boiler down rapidly, it will be ibund best to run in 
cold water at the same rate as the hot water is discharged. 
By this means the cooling is effected rapiO^Ay, but gradually and 
uniformly. 



CHAPTER IX. 
WEAR AND TEAR. 

Fboh the honr a boiler is set to work it is acted upon by 
destroying forces more or less severe and uncontrollable in tlieir 
work of deterioration. These forces may be distinguished aa 
chemical and mechanical. In most cases they operate inde- 
pendently, yet they are frequently found acting conjointly in 
bringing about the destruction of the boiler, which will be more 
or less rapid according to circumstances often difficult to detect 
or fix upon with certainty. 

Corrosion, internal and external, but more especially the 
latter, is the malady that most boilers are liable to suffer from. 

Internal corrosion presents itself in various forms, each 
having a character of its own, but only sometimes strongly 
marked. These are usually designated as — 1, uniform corro- 
sion or wasting ; 2, pitting or honeycombijig ; and 3, grooving. 
The first mentioned is the effect of the chemical action of the 
feed water or substances introduced into the boiler ; the second 
is also due to chemical agents, assisted, as held by many, by 
galvanic action ; the third is due to chemical and mechanicsJ 
action combined. 

By uniform corrosion is meant that description of wasting 
of the plates or tubes, where the water corrodes them, iu a 
more or less uniform and even manner, in patches of consi- 
derable extent, and where there is usually no well-defined line 
between the corroded part and the sound plate. Although 
seldom so uniform in its effects as ordinary rusting, this corrosion 
yet approaches it in its character and effects. The presence of 
this as well as of the other kinds of corrosion is generally not 
difficult to detect. Even when covered with a considerable 
thickness of incrustation its presence is often revealed on 
emptying the boiler by the *' bleeding" or red streaks, where 
the scale is cracked. But in some cases, even where the plates 
are free from incrustation, uniform corrosion, in consequence of 
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its even surface and the absence of any well-defined limit to its 
extent, may readily escape detection. Often, when aotnally 
discovered to exist, the depth to which it has penetrated can 
only be ascertained by drilling holes through the plate and 
measuring the amount of material remaining. With lap joints 
the thickness remaining at the edge of the plate and round tho 
rivet heads may serve as a guide to the amount of wasting ; but 
this may prove treacherous, since the adjacent plates may both 
be corroded to an equal extent along with the rivet heads, 
which will give the edge of the plate the appearance of having 
the original thickness. 

One of the most remarkable circumstances in connection with 
all kinds of corrosion is the apparently capricious manner in 
which it makes its appearance. For example, in two boilers 
alike in every respect, fed with the same water, and subject to 
the same treatment, one may be found attacked at the front end 
and at mid-height, whilst the other may be affected only on the 
bottom at the back end. In such cases there can be little 
doubt that the difference in the quality of the plates for re- 
sisting the corrosion has much to do with the apparent caprice 
of the acids in the water. The water from some wells and 
mines, and from certain canals and streams, attacks the plates 
violently only at the water line, whilst throughout the rest of 
the boiler the plates are comparatively or absolutely unharmed. 
In 8ome instances this is veiy marked, the injury done to hori- 
zontal boilers being confined to a belt of about 6 inches or 
8 inches at the water level, and in long vertical boilers to a belt 
of about 24 inches, according to the range of the water level 
The boilers in some districts are attacked by surface and well 
water only on the bottom, whilst in neighbouring districts the 
tubes are attacked more than the shell, or vice versd. In one 
case the corrosion is chiefly confined to the bottom of the fur- 
nace tube, in another it is limited to the narrow 'water spaces 
at each side of the tubes in Lancashire and similar kinds of 
boilers. The water in some localities, whilst but slightly acting 
upon the body of the plates, attacks the rivet heads or edges of 
the plates and angle irons. Sometimes it happens that it h 
mainly the transverse seam rivet heads and plate edges that are 
attacked, sometimes the longitudinal seams ; out of 100 rivets 
10 may be seriously affected whilst the rest remain sound ; or 
the outer courses of plates on the bottom are affected more than 
the inner courses. The stays are often far more rapidly wasted 
than the plates. A screwed stay will be violently attacked at 
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Ihe thread whilst the unbroken or turned surface will eaeape. 
In facty it is almo&t impossible to conceive any vagary the acid 
in the water could commit^ examples of which are not to be met 
with. This apparently capricious action of the corrosive agents 
is to be ascribed to their gravity, to their concentration in 
certain parts of the boiler, to their action being increased where 
the temperature of the plates is highest or lowest, to the circu- 
lation of the water, to the nature of the iron, and to other 
more hidden causes. 

With the feed water from one supply only, corrosion is found 
mare often under an incrustation of sulphate of lime than under 
one consisting chiefly of carbonate of lime. In many boilers fed 
with water containing the former salt a coating of oxide of iron 
of a black colour may be found adhering to the detached scale, 
which as often as it re-forms and is broken off brings with it a 
fresh film of oxide. 

Another peculiarity worthy of notice is the different manner 
in which the plates and rivet heads behave with different kinds 
of waters after the wasting has been going on for some time. 
In most cases the corroded iron is readily removed, if it does 
not come off without means being taken to detach it. But 
cases are to be met with where the corroded iron adheres tena- 
ciously to the sound plate beneath. In such cases considerable 
force is required to remove it, and the presence of the corrosion 
is not suspected until the hammer or pick is forcibly applied. 

It is the opinion of many that the presence of a small pro< 
portion of carbon in steel will preserve it in a great measure 
from the wasting effect of bad feed waters. No doubt it does 
80 almost totally with some waters, but with others it appears 
to have the opposite effect. 

Unlike ordinary internal corrosion, the extent of the effects 
of pitting and honeycombing are well marked by the sharply 
defined edges they present. The term honeycombing is most 
aptly applied when ^he plates are indented by very small holes 
close together. Pitting may be defined as confluent honey- 
combing, and is found in holes and patches varying ftom 
i inch to 12 inches diameter, and assumes most irregular forms. 
The depth of the cavities varies from -^j" to J inch or more. 
This form of corrosion is certainly most capricious in its attacks. 
It may be found on every plate of a boiler in contact with the 
water, and sometimes in the steam spaces and domes ; or it may 
be found only on a single plate either above or below the water 
line ; whilst the remainder bear no traces of corrosion whatever. 
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Boilers fed from the same water main and worked under similar 
conditions are sometimes found pitted in strangely different 
.*nanners. Out of half a dozen boilers made of plates of the same 
brand, and worked side by side, one may be found so severely 
pitted as to require the renewal of one or more plates, whilst 
the other five boilers remain not at all or scarcely affected. 

The mysterious mauner in which pitting so often occurs, and 
its peculiar character, have not yet been altogether satisfactorily 
explained. It was once commonly ascribed to voltaic action 
between the iron plates and the brass tubes when fouud in loco- 
motive boilers, but this theory was found to break down when 
the same pitting was found in similar boilers with iron tubes, 
and having neither copper nor brass near the portion affected. 
It was then advanced that the voltaic action took place between 
the different qualities of the scraps composing the plates, which 
are understood to exhibit different electric conditions, the 
electro-positive metal of the battery acting on the chemical 
solutions in the water, and becoming decomposed. Then it 
was advanced by the supporters of this theory that pitting 
would not occur with an electro-homogeneous metal such as cast 
steel, since the third element would be wanting. But cast-steel 
plates have been found to suffer from pitting as much as iron, 
and even more with some waters ; yet with other waters which 
severely attack wrought iron steel is found not to suffer in the 
least. The pitting of cast steel either proves that it is not the 
electro-homogeneous metal it was supposed to be, or that the 
pitting of boiler plates is not due to galvanic action, unless the 
electro-negative element, as well as the exciting agent, bo 
present in the water. The sharpness of the edges of the cavities 
is stated to be increased as the intensity of the voltaic 
action increases. 

After all that has been said and written on this question it 
would seem that the phenomenon of pitting can in most cases be 
just as satisfactorily explained as being the result of simple 
chemical action without the aid of galvanism. 

The concentrated acids of the water will attack the most 
susceptible portions of the plates. Whether the plates in the 
&team space are attacked or not will depend upon the nature of 
the acids, whether they are volatile or not, or whether the liquid 
aci I is carried into the steam space by priming. 

The wasting of the inside of locomotive firebox shell plates 
round the copper stays is generally set down to voltaic action. In 
what degree this may be the actual cause cannot readily be deter- 
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mined, but there can be no doubt that the wasting of the 
plates round the holes is in great measure due to the injury 
sustained in punching, which renders the iron more susceptible 
to the action of the water. Drilling instead of punchiug the 
stay holes has been attended in some cases with good results, 
enabling the plate to hold out much longer against the wasting 
effect of the water. 

The rapid local waiiting of locomotive firebox stays where they 
pass through copper plates, which often occurs when certain kinds 
of feed water are used, in perhaps the most conclusive evidence 
of the presence of galvanic action, j inch bolts become re- 
duced in a few years to half their original diameter inside the 
hole, whilst the thread in the copper plate remains perfect, atid 
the bolt is not affected by corrosion about an inch from the 
copper plate. The wasting often commences first at the stays, 
near the firebox crown, where it is probably induced by the 
bending action due to the expansion of the plates, which is 
most severely felt at this part. 

As to the means to be employed for preventing internal cor- 
rosion, the surest is obviously to abandon the use of water 
which has a corrosive effect upon the plates. At mines where 
the bad feed water in drawn from the ground it can sometimes 
be replaced by surface water more free from acids, and in cities, 
when the well water is found to injure the boiler, it can 
generally be replaced by the town supply of a better quality. 
I'here are, however, cases where the expense of using towns' 
water is so great that it is found more economical to employ 
corrosive well water, and lay down a new boiler every five .or 
six years. This practice is however attended with great risk, 
on account of the temptation to use the corroded boiler to the 
last minute of safety, 

AVhen the water iu found to affect the plates only in par- 
ticular places, as at 1 he water level, it is well, on the score of 
economy, to introduce thicker plates in such places, and to 
nriange them so t]\at the seams of rivets, which are the 
weakest portion, do not come within the region attacked by 
the water. There exists great prejudice against introducing 
plates of different strength into a new boiler sheU, in conse- 
queues of the non-uniformity of strain throughout the structure 
it involves, which in many cases is already more than desirable. 
But the question arises, is there any greater disadvantage in 
having the non-uniformity of strength at the beginning than at 
the middle of the life of the boiler, since the irregularity in 
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strength must, under the circumstances we are considering, 
necessarily occur at one time or another ? There appears to be 
no sound reason for hastening the time for repairs, by making 
the strength uniform at first, when it is known that it cannot 
long continue so. 

When there is no choice of feed water, the simplest 
method of preventing the corrosion caused by the majority 
of waters is to neutralise the acidity by treatment with 
some alkaline substance, either prior or subsequent to the 
introduction of the water into the boiler. This is best done 
by using soda, soda ash, or caustic soda, which should be dis- 
solved and constantly introdaced with the feed water, rather 
than in doses at long intervals. The quantity required will 
vary according to the strength and quantity of the acids in the 
water. It must however be remai'ked that when strong saline 
solutions are formed in the boiler, as in using salt water, the 
introduction of soda will be found to be an evil, and the only 
remedy in this case is to keep down the strength of the solution 
by frequent blowing off from bottom and surface. The methods 
of fillaration and surface condensation have been found to 
answer well. When comparatively pure water, such as is 
obtained by surface condensation or from the water supply of 
some towns, is found to act injuriously on the plates, the cor- 
rosion may be prevented by allowing an amount of impure 
water to enter the boiler sufficient to deposit a thin layer of 
scale, which will protect the plates against the action of the 
more pure water. 

Grooving, channelling, or furrowing, as it is variously called, 
is found of two different kinds, which, however, do not always 
present such distinctly marked characters as to precisely indi- 
cate the different causes of their formation. One kind is 
caused entirely by the straining and fretting of the iron, where 
a considerable change in the direction of the strain takes place. 
Where it is not aided by the corrosive action of the water, 
it may penetrate deeply into the plate or angle iron, without 
being more than -^ inch in width at the surface. Sometimes 
this grooving is so fine as to appear more like a fracture, and is 
very difficult of detection. Any acidity in the water appears 
to widen the grooving, by attacking the surface laid bare. It 
is most commonly found in stationary boilers of the Cornish 
and Lancashire types on the fiat end plates round the edge of 
the angle iron over the tube crown, and more frequently at the 
front end than at the back. It is usually deepest near the 
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centre of the gtowd^ and extends on either &ide for a length of 
from 6 to 24 inches, and gradually disappears. Sometimes the 
grooving selects the root of the angle iron or flange of the tube 
plate instead of the end plate. The choice will depend upon 
the relative power of resistance of the parts joined. These 
angle irons are usually about ^ inch thick ; and when the plate 
does not exceed r^^ inch in thickness, it is almost invariably 
chosen ; but when the plate is -J^J or | inch thick, the grooving 
is often found in the angle- iron root. In like manner, when the 
furnace-tabe plate is flanged, being the weaker, it is selected, 
the grooving taking place in the comer of the flange rather 
than in the end plate. 

This grooving is caused by the too rigid staying of the ends 
by gussets or other stays, and by the difference between tbe 
expansion of the tube crown and boiler shelL As far as the 
bridge only the furnace crown is heated by the fuel and gases^ 
the bottom being kept comparatively cool by the entering cur- 
rent of air. When the flue tube beyond the bridge is clean, 
the whole circumference is exposed to the radiation and contact 
of hot gases ; but even in this condition it is improbable that 
the bottom receives anything like the same amount of heat 
by radiation that the top receives by contact with the flame 
which clings to the upper side. After the boiler has been at 
work a short time the bottom of the flue is maintained at a 
comparatively low temperature by the dirt that accumulates 
upon it. We may therefore consider the flue crown, under 
ordinary working conditions, as being much hotter than the 
bottom, and the greater expansion must cause a correspondingly 
greater strain at that part of the end plates to which the crown 
is attached. 

This longitudinal expansion is accommodated in part by the 
springing of the end plates and in part by the arching of the 
tube. That this arching takes place has been proved by 
actual test, the tube of a 30-feet long boiler having been found 
to rise fully } inch near mid length on heating the water to 
the boiling point, and without forcing the fire. Such an 
elevation of the crown is too great to be accounted for by the 
circumferential expansion alone. Were the longitudinal ex- 
pansion, which must take place very gradually, maintained 
at the same degree all the time the boiler is at work, it 
would not account for the grooving ; but every time the fire- 
door is opened the rush of cold air against the hot plates must 
cause them to contract suddenly, and to this rapid contraction, 

E 
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repeatedly taking place, must bo ascribed the action which 
causes the fretting of the rigid end plates or angle irons, aa 
the case may be, which results in grooving round the end 
attachment of the furnace crown. Tlie means for preventing 
it is simple. We have only to lessen the rigidity of the end 
plate, so as not to confine the bending action to one line. 
This may be done by allowing a sufficient distance between 
the tube and the end-plate stays for the plate to spring freely. 
Nine inches is found sufficient with ^ or ^ inch plates. The 
use of '' Adamson" or ''Bowling" hoops, which allow the tube to 
e3:pand freely and reduce the strain upon the end plates, will 
prevent grooving to a great extent. 

The grooving is not always confined to the crown, being 
frequently met with on the front end plates of Lancashire 
boilers between the tubes, when these are very close together 
and secured to the ends by '* spectacle" pieces, the water space 
being too small to admit of using angle irons. This grooving 
at the '' spectacle " plate is probably in some measure due to 
the variations in the temperature of the two tubes not taking 
place simultaneously, which is especially the case with alternate 
firing. The only cure for this grooving at the middle water 
space is the removal of the ''spectacle" piece and tapering 
down the ends of the tubes, to give increased space to allow 
the end to spring. 

It is but seldom that grooving is met with at the water 
spaces between the tubes and shells of Lancashire and other 
double furnace-tube boilers. A few instances of this have, 
however, occurred. Such cases are liable to be overlooked in 
consequence of the inaccessibility of their position. Their 
presence is more difficult to account for than the other cases ; 
but this side grooving is found in conjunction with a low fire- 
grate, very thick end plate, and cramped side water spaces. 
Cases of grooving beneath the tube are extremely rare. 

There can be no doubt that introducing the feed water at a 
high temperature, near the level of the tube crown, and 
thereby improving the circulation and decreasing the difference 
in temperature above and below, tends to lessen the end 
grooving. " Galloway " boilers are not found to groove so muck 
as " Lancashire " boilers, similarly stayed, probably owing to the 
better circulation of the water in the former. 

The trouble from grooving and leaking caused by the too 
rigid staying of the ends of internally fired boilers has, in 
many cases, led to their abandonment In order to avoid the 
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giooving over the tubes of Comisli and Ljincaghire boilers, 
many makers rashly dispense with gusset and longitudinal 
stays, and substitute inefficient stiffening ribs of angle or T 
irons, the result being dangerous fractures through the line of 
rivet holes, or at the root of the angle iron securing the end 
plate to the thell. 

Other examples of grooving, caused by the upsetting action 
near the parts affected, may be mentioned. The domes of 
locomotive boilers are sometimes found grooved internally, in a 
line opposite the edge of the angle iron attaching it to the shell. 
This is caused by the great strain thrown upon the angle iron, 
iu consequence of the large quantity of the shell it is still 
too often the fashion to cut out for the dome hole. 

The shells of vertical boilers, with internal furnaces, are 
liable to internal grooving round the upper edge of the founda- 
tion ring, between the shell and tube, when the ring is not 
made of sufficient depth to resist the upsetting action caused 
by a severe downward pressure on the furnace crown. 

The curved bottoms of haystack and wagon boilers under 
pressure have also a tendency to upset the angle iron attaching 
the bottom to the shell, which results in internal grooving at 
the sides of the shell along the edge of the angle iron. 

Internal grooving is frequently found round the edge of 
the angle iron on the flat ends of plain cylindrical boileri<. 
In such cases it is caused by the insufficient stiffness iu the end 
plate allowing an alternate bulging and flattening action to take 
place under varying degrees of pressure, which straius and 
frets the plates at the line of attachment. The furrowing pro- 
duced by this action is often found at the root of the angle 
iron, instead of in the plate or in the corner of the flange 
when the plate is bent. Grooving from this same action was a 
common cause of the failure of the old flat-botttomed and 
sided wagon and haystack boilers. It is also met with round 
the flat and cambered crowns of vertical boilers, of large domes, 
and of the vertical tube in Bastrick boilers. 

It is thus seen that grooving may be due to want of stiffness, 
as well as to an excess of stiffness under different conditions. 

The other kind of grooving alluded to at page 192 is usually 
found running parallel with and close to the edge of the plates 
in lap joints. It is much wider at the surface of the plate 
than the first-mentioned kind of grooving, and has often the 
appearance of having been gouged out. It is caused mainly by 
the corrosive action of the water, but is induced by the tuck- 

¥ 2 
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ling and fretting of the plate at the line where it i« 
found. This buckling is due to the oblique action of the cir- 
cumferential and longitudinal strains at the joints, either from 
the steam pressure or from unequal expansion and contraction. 
At the longitudinal lap joints the buckling is also due in some 
measure to the cross-bending action produced by the internal 
pressure tending to force the plates into a perfectly cylindrical 
form. 

In stationary boilers, which are but seldom worked at more 
than 80 lbs. pressure, internal grooving at the longitudinal lap 
joints is not often met with, unless the boiler barrel deviates 
2 inches or more from the truly cylindrical form, yet it is some- 
times found at the longitudinal seams of old boilers where they 
run in a continuous line from end to end. At the transverse 
lap joints of long Cornish and Lancashire boilers internal 
grooving frequently occurs, but not of a very decided character. 
Its presence can generally be traced to the difference in ex- 
pansion between the bottom and top of the shell, or between 
the fluo tubes and the shell bottom. It is most marked in 
boilers where the circulation is bad, which is especially the 
case when the cold feed water is introduced at the bottom. 

In locomotive boilers working at 140 lbs. pressure or more, 
and where the plates are thick in proportion to the diameter, 
internal grooving at the seams is most frequently met with. It 
occurs at the longitudinal lap joints below the water level, prin- 
cipally at mid length of the barrel or near the smoke-box end, 
at the ring seams all along the boiler, and very often in the 
plate opposite the edge of the outside angle iron attaching the 
barrel to the smoke-box tube plate. It is most marked at the 
bottom of the barrel, and diminishes gradually, until it dies 
away near the centre line. 

OSransverse furrowing also occurs in the body of the plates 
when they are too rigidly attached to the frame by plate stays, 
secured by angle irons to the boiler shell. It is found opposite 
to the edge of the plate or angle iron. 

As this description of grooving always occurs at the edge of 
a plate, or opposite the edge of an angle iron in a line where 
the direction of the strain caused by the steam pressure or by 
expansion and contraction is liable to be changed, it suggests 
the probability of its being caused by mechanical action, which, 
producing a bending or springing of the plate along the line 
where it occurs, breaks off the coating of incrustation or tho 
outside scale of the plate itself, thus continuously exposing a 
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fresh surface for the chemical action of the water. Moreover, 
a>s the loDgitudinal grooving only rarely takes place above the 
water line, and as it is found to occur with one kind of water 
and not with another, it may reasonably be concluded that it is 
chiefly due to chemical action, although induced in the first 
place by mechanical action. 

The buckling action at the longitudinal seams being caused 
by the unequal distribution of strain at the overlap, or by the 
tendency of the barrel to assume a perfectly circular form 
under pressure (which form is necessarily departed from at the 
lap joint), may be prevented by doing away with the lap joiut, 
and usiijg welded joints or butt joints with double butt strips. 
Or, retaining the lap, the result of the chemical action may be 
prevented by keeping the longitudinal seams above the water 
level, which has been done by making the courses of plate in 
one length. The evil of longitudinal furrowing has been over- 
come by either of the above methods. In some cases, how- 
ever, where welding has been tried, it has been found that the 
plates are rapidly pitted at the weld ; and this plan had, in 
consequence, to be abandoned, unless the joints wore kept 
above the water level. 

At the transverse lap joints the buckliog is caused by the 
boiler being too rigidly tied to the engine frame, and not being 
allowed to expand and contract freely, or, as it is sometimes 
called, to breathe freely. It is also aggravated by the vicious 
prautico of attaching the drag apparatus directly to the boiler. 
Another cause of the buckling at the shell bottom is the strain 
thrown upon the bottom plates by the greater expansion of the 
tubes compared with the shell. 

There can bo little doubt that internal grooving is often in- 
duced by excessive caulking, which, by destroying the skin of 
the iron, exposes a surface for the easier attack of the corrosive 
agents in the water. On this account many engineers dis- 
countenance the practice of caulking the plates on the inside. 

External corrosion is a more frequent and more subtle destruc- 
tive agent with stationary boilers than any kind of internal 
corrosion. This probably arises from the fact that its presence 
is less suspected, and is often less easily detected in consequence 
of the inaccessibility of the plates. It is therefore left to do its 
work of destruction without any attempt being made to arrest 
its progress. It is found either as uniform corrosion in large 
and small patches, or as grooving. 

The most frequent sources of external corrosion are exposure 
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to the weather, leakage from joints of plates and fittings, drip- 
ping from mountings, moisture rising from tbe ground near the 
boiler, either from the damp nature of the ground or from the 
want of waste pipes to carry oflf the water from the blow-off 
tap, water gauges, <fec., and from the careless practice of damping 
the ashes close to the boiler. 

When leakage takes place at the boiler crown to any great 
extent, the whole circumference of the shell being below, is 
liable to suffer wasting from it. A slight leakage from a bad 
joint may be sufficient to cause a severe local grooving at the 
seam or flange, as it often goes on for a length of time Unper- 
ceived and unsuspected, especially when the shell is covered by 
brickwork or other material to prevent the radiation of heat. 
Some of the Compositions used for covering boilers, however, 
become soft, and at once betray any leakage that may be going 
on beneath. To prevent leakage at the joints of the mountings, 
they should always be riveted and caulked to the curved plates, 
and never attached by bolts or studs. The greatest difficulty 
in making a good joint on a curved surface by the usual means 
of studs or bolts and nuts is found at the blow-out pipe attach- 
ment of ordinary factory boilers, where the joint has to bear the 
reckless twisting and straining from the use of a long lever every 
time the blow-out tap is turned. In nearly all cases where the 
blow-out attachment is not riveted to the shell, the plate be- 
comes rapidly wasted round the bolted flange. 

To the injudicious practice, which still largely prevails, of 
building boilers in with a mass of brickwork, tbe greatest 
amount of deterioration from external corrosion must be attri- 
buted. This evil acts directly in keeping any water that may 
find its way to the boiler in contact with the plates, and also 
indirectly in preventing the detection of any wasting that may 
be going on. 

The most glaring example of this kind is to be found in 
placing internally fired boilers on a wide midfeather or sup- 
porting wall extending along the middle of the shell nearly 
from end to end. Any water from leakage or other source 
trickling down the shell naturally finds its way to the bottom, 
and when it is held here in contact with the plates a rapid oxi- 
dation takes place. The wasting is often promoted by the pre- 
sence of damp mortar, which should never be allowed to touch 
the plates, and by corrosive agents in the products of combus- 
tion which sweep past. These midfeathers are sometimes as 
much as 2 feet wiJe, and very commonly 14 or 18 inches. In 
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roch cases it is impossible to toll by ordiDary ezamination in 
passing along the flue the condition of the plates resting on the 
bsickwork. It frequently happens that to all appearance no 
damp is present, and the plates near the edge of the midfeather 
are in good order, yet on removing the brickwork the plates for 
a width of 6 or 8 inches at the centre all along the boiler are 
found eaten nearly through. 

With boilers of 4 feet diameter and upwards midfeathers 
fchould not be used. The boilers are much better placed on 
side walls with a total bearing surface of from ^ inch to 1 inch 
per foot of diameter. In very small boilers whore side walla 
are not admissible the bearing of the midfeather need never 
exceed 3 or 4 inches in width ; and a loose brick should be left 
here and there, or at least at every ring seam, for removal to 
facilitate examination. When there is any dampness in the 
ground beneath the boiler, it invariably travels up the brickwork 
and attacks the plates. Where the dampness cannot be re- 
moved, it is advisable to cut off the contact between the plates 
and the brickwork, by supporting the boiler on cast-iron saddles 
and a longitudinal cast-iron carrier, which need not exceed one 
inch in width, and can be taken the whole length required. 

The front cross walls of internally fired boilers are often 
made of excessive thickness, being sometimes as much as 3 feet, 
and built round and made to conceal the blow-out pipe and 
attachment, which are thus rigidly built up and rendered liable 
to break. As the boiler is supposed to rest upon the midfeather 
or side walls, the front cross wall, or at least the top of it in 
contact with the plates, need scarcely ever be more than 4 J 
inches thick, and it should always bo built round behind the 
blow-out pipe attachment, which is thus placed in an open 
recess in the wall accessible for inspection, and not rendered so 
liable to fracture. Even with a 4J-inch wall there is still a 
risk of corrosion if the ground be damp, or the water from the 
blow-out tap bo not led away by a waste pipe, but is allowed 
to splash back against the front cross wall, as is too often 
the case. 

When the ground is of so damp a nature, from situation or 
formation, that the moisture from it passes up the front cross 
wall, the only means of saving the boiler is to interpose loose 
plates between the wall and the shell, which become corroded 
instead of the boiler plates. 

It is a common practice to allow the front end angle iron of 
Cornish and Lancashire boilers to rest on this front cross walL 
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This has the disadvantage of concealing any leakage or defects 
at the angle iron. The front wall is therefore better kept clear 
of the angle iron, that is, the front end plate should project 4 
or 5 inches beyond the wall. The front end plates of Lanca* 
shire and similar boilers are very often severely corroded ex- 
ternally at the floor line by the water that always finds its way 
here from one source or another. The boiler should, therefore, 
always be arranged with the front end plate clear above the floor. 
In order that this may not interfere too much with the facility 
of firing, the floor may often with advantage be inclined or let 
down to suit. 

The practice of slacking the hot ashes against the front end 
plate is a very common source of corrosion above the floor line. 
Where there is good reason for adopting this practice it will be 
advisable to protect the front plate by a suitable sheet iron 
guard. 

The side wall bearings on which internally fired boilers are 
now usually supported, and to some extent externally fired 
boilers also, are frequently made of excessive width, from 15 
to 20 inches being not uncommon. Now, 3 or 4 inches of 
bearing surface to each wall is quite suflScient for ordinary-sized 
boilers, or as a rule from f " to 1" of total bearing surface per 
foot diameter of boiler. 

In order to allow the escape from the plates of any water 
flowing down the shell sides, the side wall bearings should be 
made of fire lumps, as shown in fig. 22, rather than made after 
the old fashion, as in fig. 21. This last plan leaves the water 
no choice but to cling to the plates in finding its lowest level, 
and often leads to serious corrosion. Care should always be 
taken to keep the longitudinal seams well clear of the seating. 
Another indirect source of corrosion sometimes met with is the 
extremely narrow space allowed at the top of the side flues of 
many boilers. When this space is only an inch or two wide, it 
cannot well be cleaned. The soot accumulates and becomes 
hard, and then retains moisture in contact with the plates, 
which sooner or later may cause serious corrosion all along the 
boiler where it is seldom suspected. 

The back and front ends of externally fired boilers are not 
unfrequently set in a mass of brickwork, which is apt to keep 
moisture in contact with the plates. No reason for this prac- 
tice can be given. It is usually done through ignorance on the 
part of the builder or draftsman, or from want of constructive 
skill on the part of the brick-setter. When these boilera are 
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snspended firom side brackets ^ith a ilasli-flue arraugenient, it 
is not unuBoal to find a belting of brickwork 18 or 24 inches 

Fig. 21. 




thick, and even more, in contact with the plates. This arrange- 
ment ifl obviously liable to harboar a quantity of moisturoi 

Fig. 22. 




t t 
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whoBo damaging effects on the plates are placed beyond detec« 
tion unless the brickwork is periodically removed. 

The plan of catrying a thick cross wall over the front end of 
internally fired boilers, and also of coveriog the front end plate 
with brickwork to prevent radiation, is apt to lead to wasting 
at these part«>, and should not be adopted. 

Vertical furnace boilers are sometimes found built into walls, 
and seated on a mass of brickwork, which retain the moisture 
aud lead to a rapid wasting of the plutefi. The practice of 
lining with fire bricks the internal flue tubes of upright furnace 
boilers, has been found destructive to the plates by keeping the 
water in contact with them. When it is necessary to apply 
this brick lining, in order to protect the plates from overheating 
where the tube passes through the steam space, or from burning 
where the flame impinges, it is advisable not to build the brick- 
work in contact with the tube, but to preserve an annular space 
to allow the water from leakage and other sources to run down 
and escape. 

Corrosion is met with in the furnace tubes of internally fired 
boilers, beneath the heavy bridge of brickwork, so often need- 
lessly built upon the tube bottom. These bridges are as well 
supported, and more easily removed, when built upon metal 
bridge carriers. 

Leakage at the riveted joints in any part of a boiler may be 
due to bad workmanship. When caulking and the insertion of 
new rivets will not cure the leakage, the holes should be care- 
fully rimered out afresh, and larger rivets put in ; at the same 
time the edges of the plates may be dressed and recaulked. 
Too much lap is very often the cause of the difficulty in making 
a tight joint, especially at the furnace plates. New boilers often 
leak at the seams when set to work, after having been tested 
and found tight at the maker's. This may be due to rough 
usage in removing the boiler and fixing it, or to the expansion 
of the plates in actual work being different from that produced 
by the test. A difference in the nature of the feed water has 
sometimes a remarkable effect in making boilers leak at the 
riveted joints below the water line. A boiler may be quite 
tight with one kind of water, and yet leak badly with another 
kind. When this is the case, it is generally found that a com- 
paratively pure water has been changed for brackish water, or 
one containing much carbonate of lime, the use of which is 
attended with a higher temperature of the furnace and flue 
plates, and consequently a greater local expansion. Leakage is 



WEAR AND TEAR. 203 

often produced at the furnace and flue seams of many boilers 
by getting up steam too quickly. The leakage in this case is 
chiefly due to the unequal expansion of the material, one part 
of the boiler being hot whilst the rest remains cool. Leakage 
from this cause is most common in boilers baying a bad clrcu^ 
lation. 

Leakage at the ring seams, especially of externally fired 
boilers, is very often caused by delivering the cold feed water 
right on to the hot plates ; sometimes the feed pipe delivers 
right on to a seam. It has more than once been questioned by 
those who will not be advised to introduce the feed in a proper 
manner, whether the introduction of the cold feed water down- 
wards through a vertical pipe, the end of which is some 24 
inches above the plates, can have any effect in suddenly con- 
tracting them. This, of course, will depend upon the force 
with which the water is injected. In cases where a range of 
half a dozen or more boilers is supplied by a donkey pump sufli- 
cient to feed all at once, there can be little doubt that when 
only one boiler is being fed at a time the water will be injected 
with suflScient force to reach the plates even more than 24 inches 
below the end of the pipe, without having much heat imparted 
to it in its downward course through the hot water in the boiler. 
In such cases the fracture of the plates beneath the pipe is not 
an unusual occurrence. 

One of the most common causes of leakage all along the 
under side of boilers, and also at the tube plates, is the reckless 
practice of emptying the boiler while still hot, and filling it with 
cold water, at the same time leaving the damper wide open and 
removing the flue doors, in order -to cool the boiler rapidly for 
cleaning. The sudden contraction of the furnace and flue plates 
thus produced has been the ruin of hundreds of boilers. The 
equal contraction of the bottom plates of externally fired boilers 
is sometimes resisted by the plate edges or suspending brackets 
butting against the solid masonry : fracture in these cases is the 
common result. 

Internally fired tubular boilers, without external flues, and 
usually made w^ith a cluster of small tubes at the back end, are 
invariably found to corrode and groove externally along the 
shell bottom at the ring seams, in consequence of the leakage 
caused by the unequal expansion of the top and bottom of the 
boiler, and also of the flue tubes and the shell. This inequality 
is due in great measure to defective circulation, and to the 
unavoidable difference in temperature between the internal flues 
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and shell crown on the one hand and the shell bottom on the 
other. The best and perhaps only means of preventing this 
leaking and grooving is to apply external flues leading the gases 
firdt under the boiler bottom before entering the side flues, and 
to allow some spring in the end plate. 

Boilers of the locomotive class are without external flues, and 
yet do not usually leak at the bottom when the shell is free to 
expand. The reason of this is that the circulation is fiivoured 
by the construction of this class of boiler, which admits of the 
tubes being brought near the shell bottom ; at the same tio^ 
the water at the lowest part of the boiler — the flreboxp||j^ 
heated. Any severe leakage at the transverse seams of loco- 
motive boilers can generally be traced to the interference of tha 
end contraction and expansion by some of the barbarous styles 
of staying the boiler to the frames, which, unfortunately, to 
some extent still exist. 

The strain along the bottom of long Cornish and. Lancashire 
boilers produced by the expansion of the bottom compared with 
the top, and the still greater expansion of the through tubes, 
sometimes results in fracture at the ring seams, and very fre- 
quently leads to leakage, which has the effect of grooving the 
bottom plates in a characteristic manner at the edges of the 
transverse seams. The rapidity with which this grooving occurs, 
and other evidences of the intensity of the chemical action, can 
only be accounted for by the presence of some strong acid, and 
there can be little doubt that the sulphurous and other acids 
from the coal are the principal elements of destruction. "Water 
is considered capable of absorbing 30 times its volume of sul- 
phurous acid ; and when this acid is given ofif abundantly by 
coals containing pyrites, the rapid grooving at the ring seams is 
not difficult to account for when the boiler leaks at the bottom. 
The unequal expansion and contraction which produce the 
leakage can nearly always be traced to defective cirulation, 
either from the cold feed water being introduced at the bottom, 
cr else, in the case of Lancashire boilers, from the side and 
middle water spaces being too narrow. These defects can be 
remedied by heating the feed water ; by introducing it just 
below the water level, where it should be well distributed ; and 
by improving the circulation by the addition of vertical water 
tubes when the side and middle water spaces are too cramped. 

The riveted joints in the furnace tubes of internally fired 
tubular boilers are liable to leak, and cause corrosion and 
grooving on the flre-side of the tubes when these are bound to 
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each oihdT or to the shell by plate-stays, and are thus provented 
from breathing freely. These stays are needlessly introduced 
by some makers to support the tubes, and are sometimes rigidly 
attached to strengthening angle irons round them. They are a 
source of much trouble by causing the tubes and shells to leak, 
and they frequently lead to fractures in the plates. 

Combustion-chambers and tube-plates are often corroded 
by the leakage from the small tubes. In many boilers of the 
locomotive class the tubes are caused to leak by the rigid 
manner in which the tube-plate at the fire end is fixed from the 
staying of the fire-box crown. The want of freedom in the tube- 
plate to expand and contract causes the tube-holes to become oval, 
after which it is almost impossible to prevent leakage. The distor- 
tion of the tube-holes is sometimes caused by the excessive 
pressure concentrated upon the tube-plate by the girder-stays 
that support the furnace or combustion-chamber crown. These 
girder-stays should be attached by sling-stays to the shell- 
crown. Too great rigidity may be avoided by slightly slanting 
the sling-stays. Tubes are often caused to leak by attempting 
to get up the steam too quickly, or by blowing out the boiler 
while the plates and tubes are still at a high temperature. 

Wasting from severe leakage is very common at the bottom 
corners of the fire-boxes in boilers of the locomotive class. This 
is often produced by the difficulty found in making a good joint 
at the sharp comers, which are generally made of a radius too 
small to get a rivet through at the corner. In order to avoid 
the defect in question some makers double-rivet the fire-box 
bottom either all along or merely at the corners ; others make 
the corner of the inside to a radius large enough to get rivets 
through, and so draw the plate to the ring all round. 

External corrosion from leakage takes place round manholes 
and mudholes without mouth- pieces from the difficulty found 
in keeping the joints tight, and at washout-plugn and mud- 
plugs from defective threads. These threads, when formed 
merely on the plate, are soon worn off by screwing and un- 
screwing the plug, and by the iron rods passed through the holes 
for the purpose of cleaning. These holes should, therefore, be 
arranged with mouth-pieces having a male instead of a female 
screw. 

The various kinds of fractures to be met with may be divided 
into two classes, viz. : 1, those caused by want of freedom in 
the plates to expand and contract, by the unequal expansion of 
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expansion and contraction ; 2, those caused by weakness and 
inability of the material to bear the steam pressure, and which 
may be due to bad workmanship, originally bad material, or 
deterioration of material originally good, malconstruction, 
injudicious repairs, corrosion, overheating, and fatigue arising 
from long exposure to variations of pressure. 

There are probably no fractures of such frequent occurrence 
as those found at the lap joints of the furnace-plates in exter* 
nally fired boilers. They are most common at the transverse 
seams between the end of the boiler and the bridge, yet are 
frequently met with at the longitudinal seams, and also at 
the segmental seams at the hemispherical ends, where these are 
exposed to the action of the fire. The fractures are most com- 
mon from the holes to the edge of the plate in the outside lap, 
where they may not be actually dangerous at first, but are 
very troublesome and cause much annoyance and expense 
through the delay and repairs they necessitate. They are 
usually scarcely visible at first, but in time become more open, 
and give rise to leakage, which is generally the means of 
drawing attention to their presence. In time these lap-edge 
fractures often pass through the rivet holes into the body of the 
plate, where they are likely to prove very dangerous if their 
progress be not arrested by drilling holes and placing second 
rivets iu their path, which generally proves effective. When 
the fractures run in a line through the rivet holes, either at the 
longitudinal or transverse seams in the shell, they must be 
regarded as dangerous, and carefully watched. Plates of good 
quality will leak at the fractures, and give indication of danger 
where brittle plates would give way suddenly without warning. 
The liability to fracture in the furnaces of idl boilers is greater 
with thick than with thin plates. 

The lap-joints in the shells of furnace boilers opposite the 
furnace throat, and also the lap and T-iron butt joints in the 
furnace tubes of internally fired boilers, are liable to the same 
descriptions of fracture, but especially to those from the holes 
to edge of plate. These lap edge fractures are generally 
ascribed to the overheating caused by the impingement of the 
flame against the double thickness of plate at the lap. But it 
is clear that the greater heat at these parts would cause an 
increased expansion that would have the effect of compressing 
the material, instead of extending it, and thereby causing frac- 
ture. Against this theory it may be stated, that the seams over 
the bridge which are most exposed to the impingement of the 
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flame are very seldom found to fracture. The actual cause of 
fracture at these furnace-plate joints appears to be the sudden 
longitudinal and circumferential contraction on cooling every 
time a current of cold air strikes against the plates. If we 
consider the effect of the heat on the ring seams, it is evident 
that the greater the thickness of plate, the greater will be the 
elevation of temperature and tendency to expand at the joint. 
Regarding the double thickness of plates at the lap as an arch, 
whether concave or convex to the fire, the expansion will find 
full play in gradually increasing the height of the arch either 
upwards or downwards, as the case may be. The form of the 
expanded cylinder will of course be modified by the internal 
pressure. On the current of cold air coming in contact with the 
joint in its expanded state, the effect of the sudden reduction of 
temperature will be to throw a sudden tensile strain on the out- 
side plate of the lap. This contraction is resisted by the inner 
plate, which still retains the form due to its higher temperature, 
and fracture from the rivet hole to the edge of the plate is the 
inevitable result if the ductility or elasticity of the iron be too 
severely taxed. After a certain amount of expansion and con- 
traction even the very best plates become brittle, and fracture 
from the rivet holes to the edge of the plate. Fracture through 
the line of rivet holes at the transverse seams is caused by a 
longitudinal tensile strain acting in a somewhat similar manner. 
Fractures of both kinds at the longitudinal seams over the fire 
are also caused somewhat after the manner just described. 

Many cases of fracture are met with which, on account of 
their protected position, cannot at first sight be accounted for 
by the cooling action we have just considered. Such, for 
instance, as the edge fractures in the longitudinal lap joints 
placed just above the fire-bars of some internally fired boilers. 
Since the fractures here are placed in the fire, they cannot have 
been caused by the air currents through the furnace door. Yet 
being just above the bars, the joints are liable to have a strong 
jet of cold air suddenly let in upon them when the hot fuel is 
removed on stirring or cleaning the fire, processes that must be 
repeatedly performed with any description of coal that yields 
much clinker. 

Again, it would appear, at first sight, that the edge frac- 
tures that so frequently occur at the outside laps in the shells of 
some descriptions of furnace boDers, just opposite the furnace 
throat, are out of reach of any rush of cold air, being so far 
from the proper air-entrance by the furnace door. Yet it is 
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tolerably certain that these fractures occur on the removal, by 
Accident or intention, of the brickwork near the place where 
the fractures occur, while the plates are still at a high tem- 
perature. 

It has been attempted to explain the occurrence of these 
fractures by assuming that the intense heat aud ebullition pre- 
vent the contact between the plate and the water. When the 
heat subsides, the water coming in contact with the overheated 
plate causes it suddenly to contract and fracture. This might 
certainly account for a fracture at the inner plate at the lap, 
but not in the outer plate. That fractures in the body of the 
plate occur in this manner is extremely probable. 

The production of fractures after the manner described is 
aided by the tendency of furnace plates to become permanently 
shortened after oft-repeated heating and cooling. 

As to the means for preventing these fractures, at the seams 
of riveting, in furnace boilers, the only method to ensure suc- 
cess is to guard the plates from both the heat and the cold air by 
a shield of brickwork, which, however, should be arranged so 
as not to harbour moisture against the plates. 

With externally fired boilers the liability to fracture at the 
laps increases as the fire is approached to the boiler bottom. By 
lowering the height of the bars, which diminishes the intensity 
of the heat from radiation and at the same time allows the air 
to difiuse itself, a partial remedy can in most cases be effected. 
Attempts have been made to prevent the rush of cold air on 
opening the fire-door for stoking, by employing some self-acting 
apparatus to close the damper as the door is opened. This 
pLin, however, interferes with the process of combustion, and is 
productive of smoke. Deflecting arches inside the fire-door, to 
direct the entering cold air on to the fire, instead of allowing it 
to rush straight at the plates, have also been tried with partial 
success. But the trouble of keeping these deflectors in repaii 
leads to their disuse. The best aud simplest means is to dis- 
pense with the transverse laps over the fire altogether^ so as to 
do away with the excessive expansion and sudden contraction 
they give rise to from the thickness of iron their use involv >8. 
This can best be done by keeping the second ring seam behind 
the bridge by using a long plate over the fire. Before the air 
reaches this, it will be sufficiently heated not to act injuriously 
on the plate at the joint. This plate must bo sufficiently wide 
to keep the longitudinal seams out of reach of the fire and cold 
air. The objections to this arrangement are the increased cost 
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involyed in usiug such a large plate, and the long unbroken 
length of longitudinal seam it forms, which must be a source of 
weakness. This can, however, be partially compensated for by 
double rivetiug. 

In order to prevent the liability to fracture in boilers with 
internal furnace tubes, the ring seams should be as few as pos- 
sible, and made with '' Adamson " flanges. The longitudinal 
seams should always be kept below the fire-bars. 

Fractures of a dangerous nature, and which may be regarded 
as one of the commonest causes of explosion, take place at the 
ring feams of externally fired boilers, near mid-length, where 
no cold air can reach them. These fractures usually run through 
the rivet holes at the inner plate of the lap, and are brought 
about in boilers of moderate length by the sudden contraction 
of the plates consequent upon the cooling effect of having the 
feed delivered directly on to them, or of letting in cold water or 
air on the hot plates too soon after the boiler is emptied for 
cleaning. The quantity of brickwork in which these boilers are 
often imbedded, and the awkward manner in which they are 
sometimes supported by an unnecessary number of carrying 
brackets, must greatly interfere with their freedom to contract 
equally throughout their length, and in such cases even a cold 
current of air let in on the shell bottom, after the fire is drawn 
and the boiler is empty, is sufficient to produce a large trans- 
verse seam rip. In very long boilers the expansion of the 
bottom when at work would cause the shell to arch upwards as 
much as half an inch, or even more, at the ends, were this elevating 
tendency not resisted by the weight of water in the boiler. The 
arching is however sufficient to throw the whole weight of the 
boiler for a time on the middle supports, and after a length of 
service the contraction that takes place more or less in all plates 
subjected to alternate heating and cooling is sufficient to arch 
the boiler upwards in the middle when cold, thus lifting it clear 
of its middle supports, and throwing such a tensile strain on the 
bottom plates as to cause a transverse seam rip. 

The expansion and its effects in all cases will of course be 
increased when the furnace and flue plates become partially 
overheated through being covered internally with a thick coating 
of incrustation, or when the water is very greasy, and contains 
carbonate of lime in considerable quantity. 

The fiat ends of shells and tubes are liable to fracture through 
the rivet holes, or through the comers of the angle irons or flanges 
securing them, either for want of sufficient stiffness or from 
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beiiig too rigid, in the same manner that we accounfed for 
internal end plates grooving. 

The same causes that lead to grooving may also lead to 
fracture, directly or else indirectly, by weakening the plate Bufli- 
ciently for the steam pressure to complete the destruction. 

A common example of fracture from unequal expansion is 
found in the long vertical chimney boilers used in connection 
with forges and iron furnaces. These are like a Cornish boiler 
placed on end, the flue-tube being out of the centre to allow 
more space for cleaniug, <&c., leaving only about 6 inches 
between the tube and shell. The expansion of the tube is 
found in some cases to exceed that of the shell by fully half an 
inch. This necessarily throws an enormous strain on the end 
angle irons and rivets, resulting after a brief service in fracture 
through the rivet holes, angle iron, or plate round the edge of 
the angle iron. "Were the bottom of the flue- tube in a 
Coruish boiler exposed to as much heat as the crown, many of 
these boilers as at present constructed could not be worked for 
the trouble and danger that would result from the rigidity of 
the end plate bottom. 

The furnace crowns of small vertical boilers, when crowded 
with small tubes, are rendered too rigid and liable to fracture, 
as well as to groove, at the flange or angle iron securing the 
crown to the furnace. The rigidity is sometimes increased by 
dishing the crown plate, and the liability to fracture is conse- 
quently increased. 

Many disastrous explosions have occurred, especially with 
externally fired boilers fracturing, immediately after repairs, at 
the longitudinal or transverse seams, through the lines of rivet 
holes where new plates have been joined to the old, or where 
the plates have been repaired with patches riveted or bolted on. 

Many improbable causes have been assigned for these acci- 
dents ; but the true solution of the mystery lies in the fact that 
the old plates are very often severely fractured by the clumsy 
manner in which the rivet heads are knocked off and the rivets 
forced out of the holes. Then, on putting on the new plates, 
the reckless use of the drift completes the mischief, and the 
joint is ready to part with a strain far below the working 
pressure of the boiler. Many of the numerous causes of frac* 
tures at the rivet holes already considered are assisted to an 
unknown extent by bad workmanship combined with brittle 
material. Nothing but the strictest supervision, and the em- 
ployment of really skilful woikmen, can overcome this evil* 
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But when boilers are constantly being bought at a price barely 
sufficient to pay for the plates of proper quality it would be 
hopeless to expect first-rato and trustworthy work. 

In boilers of the locomotive class fractures often occur in the 
firebox tube plate, either at the roots of the flanges or through 
the material between the tubes, in consequence of w^ant of 
freedom to expand and contract, or from sudden contraction. 
The liability to fracture at the flanges is greatly increased by 
making them with too sharp a bend. 

Overheating may take place, and be confined to a very 
limited area, or it may extend over a laige surface. Examples 
of fractures caused by overheating are most common in exter- 
nally fired boilers. The causes which directly or indirectly lead 
io overheating are treated of in the chapter on "Explosions." 
When severe local overheating of any kind occura in the body 
of a plate, the material softens, and bulging outwards from the 
pressure sometimes forms a pocket, which is eventually fractured 
by the pressure itself or by the contraction on the plate cooling 
down. 

When fractures arise in a plate that has been so intensely 
heated as to drive the water oif the surface, they may have been 
caused either by the pressure overcoming the tensional resist- 
ance of the softened plate, or by contraction on the water 
coming again in contact. 

An effect of overheating but rarely met with is found in the 
fretting and partial fracturing of the outside surface of thick 
plates when exposed to an intense heat, as when a large body of 
flame becames concentrated and impinges on a limited surface. 
In such a case the outer surface of the plate is subject to much 
greater variations in temperature than the inner layers of the 
plate, and deteriorates more rapidly. It is also probable that 
the cracking of the outer face is in great measure due to 
the presence of corrosive gases given off* by the burning 
fuel. 

When a furnace plate is laminated, it is very liable to over- 
heating on the outer surface in consequence of the increased 
resistance the want of solidity offers to the thermal conduction. 
The overheating causes the outer shell to bulge and form a 
blister, which sooner or later fractures either at the apex, when 
the thickness of the skin is uniform, or near the edge, when it is 
thinnest here, and offers the least resistance to breaking. 

Fractures from overheating are very common between the 
stays iu the flat surfaces of locomotive fireboxes. These are 
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catisad solely by the softened plates bulging and yieldii*^ to the 
pressure. 

Some of the plans that have been used for admitting air 
behind the bridge for smoke prevention have led to serious 
trouble from the alternate heating and cooling effeet the air 
produces at various stages of the combustion^ especially Trbere 
the current of air has been <illowed to impinge in con^'ideraole 
Tolumo against the furnace plates. 



CHAPTER X. 
FACTOR OP SAFETY. 

Ik seeking to deiermiue the proper coefficient or factor of 
safety to use for the testing and working pressures of a boiler, 
or in other words to decide what ratio these pressures should 
bear to the ultimate strength, to provide against defects arising 
out of wear and tear, aa well as original defects of workmanship 
and material, we must ascertain the manner in which the boiler 
is strained and the power of the material to resist the strains 
under ordinary working conditions. In the case of a cylindrical 
boiler it is usually taken for granted that the fluid pressure and 
diameter on the one side, and the ultimate breaking strength of 
the plates or joints on the other side, are the only elements to 
be considered, and that the bursting strength as estimated from 
these data divided by proper factors of safety, usually 6 and 3, 
should give the working and testiug pressures respectively. 
Now, in the first place, in many cases the steam pressure is not 
the greatest force the boiler has to withstand, and any increase 
of thickness in the plates, by its tendency to increase the strains 
arising from the sudden or unequal expansion and contraction, 
may be the means of weakening the boiler instead of strength- 
ening it. The effect of these strains on the boiler should, there- 
fore, always be considered in estimating its strength. In the 
second place, the method of fixing the factors of safety from 
the original ultimate tensile strength of the material alone can 
only be considered satisfactory if the strength, elasticity, and 
ductility of the material remain unchanged under all conditions 
of working and testiug. We also require to know what strain 
the material will stand without producing such change of form 
or size as may be detrimental to the efficiency of the structurCv 
and how the strength and character of the material is affected 
after long exposure to trying work. 

If we submit a straight bar or plate of good wrought iron of re- 
gular section to a steady tensile strain, it will up to a certain point 
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be found to stretch unifonuly about y^i^^ park of its length for 
every ton per square inch of sectional area applied. If the bar 
returned fully and perfectly to its original length on the removal 
of the load, its elasticity would be said to be perfect. This 
theoretically perfect elasticity is not attainable, and it is pro- 
bable that, if we had sufficiently accurate and delicate means of 
measuring the bar, it would be found to be permanently elon- 
gated by the smallest loads if permitted to act for a length 
of time ; but for practical purposes the elasticity may be con- 
sidered perfect up to loads of 3 or 4 tons per square inch, and 
with good wrought iron the permanent set is so slight for loads 
below the limit of 10 or 12 tons per square inch, or about one- 
half the breaking weight, as not to be sensibly felt in a boiler 
bhelL Besides, with these small loads the permanent set will 
not be increased by any number of repeated applications of the 
same load, and it may therefore be considered as being consistent 
with perfect safety. But when the stress exceeds the above 
limit, it will be found that the set is increased by repeated ap- 
]ilications of the same or even a less load, provided that time be 
fallowed for it to act, and the limit of elasticity of the material 
is now said to have been exceeded. The limit of elasticity may 
then be defined as the greatest stress that can be applied without 
producing an increased set by repeated applications. The 
amount of elongation produced by a load exceeding the elastic 
limit will render the iron useless in most structures, and espe- 
cially in a steam boiler, where the tightness of the joints will 
become destroyed even before such a strain can be reached. It 
is therefore evident that we must be guided directly by the 
elastic limit of the material, and not by its ultimate breaking 
strength, in deciding upon the stress we can safely subject a 
boiler to. For mild steel the elastic limit may be taken at 
15 tons. 

If we continue to stretch our bar by increasing the load until 
it tears asunder, and then restretch the broken pieces, we shall 
find that they will bear as great a load, or oven greater than 
in the first instance, showing that the actual breaking strength 
is not reduced by a strain little short of that sufficient to 
produce fracture. But the character of the iron will have been 
changed, inasmuch as in the first instance the entire bar would 
be drawn out considerably before breaking, whereas iu the fol- 
lowing breakages the pieces will be found to break short off 
with comparatively little reduction of fractured area, exhibiting 
J consequence a more crystalline fracture. They will bo less 
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able to stand a sudden strain, although their limit of elasticity 
will have been iucreased. 

!Now, it is extremely probable that the hardness which is 
induced by a severe dead weight acting for a short length of 
time may be produced by a very much less stress oft repeated 
and suddenly applied. This may explain why boiler plate, 
originally good and ductile, has been found after long service to 
become hard and brittle, more especially when it has been ex- 
posed to severe strains, as in the part of a shell having a largo 
hole cut in for the dome, in some furnaces, or in locomotive 
boiler barrels connected rigidly to the frames. In addition to 
the comparatively constant and steady steam pressure, it must 
not be forgotten that many boiler shells are subject to severe 
shocks from the sudden opening and shutting of valves, as well 
as to severe tensile strains arising from the contraction caused by 
the sudden impingement of cold water or air against the hot plates. 

The limit of elasticity of wrought iron is materially afifocted 
by the number of times the application of the load is repeated, 
and also by the difference between the constant load on the 
material and the increment of load that is applied, as well as 
by the length of time the constant and variable stresses act. 
From the results of carefully conducted experiments by various 
authorities, and from general experience in boiler practice, it 
may be concluded that the limit of elasticity for boiler plates 
may be safely taken at 10 tons per square inch of nett section ; 
but to allow for contingencies it should not be taken at more 
than f the breaking strength of the joints, which is the limit of 
test pressure to which a new boiler should be strained. This 
test pressure may also be safely applied to an old boiler whose 
plates have been exposed only to tensile strains, although they 
may have varied in intensity many times a day from variations 
of temperature and pressure. But before such a test is applied 
to au old boiler its condition must be satisfactorily ascertained 
by thorough examination of every part both inside and out. 
Such an examination can, however, only be carried out in 
certain kinds of boilers, and these require to be completely 
bared and cleaned for the purpose. Any loss of strength by 
wasting or grooving of plates, angle irons, rivets, or stays must 
of course be allowed for in estimating the strength. It may be 
remarked that the actual strength of a boiler may not be im- 
paired by a wasting in the body of the plate away from the 
joints, so long as the remaining section is not less than the 
nett section through the line of rivet holes. 
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When the condition of the boiler after being used for a 
number of years cannot be satisfactorily ascertained, the testing 
pressure should not exceed one-fourth the estimate! ultimate 
strength of the joints and stays. 

The plates of some boilers are exposed to severe compressive 
as well as tensile strains, as in the shells of many long exter^ 
nally fired boilers, and in the barrels of some locomotive boilers 
rigidly attached to the frames. In such cases after long wear 
the tensile strength of the iron is greatly reduced, and the 
material is rendered brittle ; but we are in want of information 
as to its effect on the limit of elasticity. It is, however, pro- 
bable that the limit of elasticity is not reduced in the same pro- 
portion as the ultimate strength of the material, and the same 
factors of safety as above given may be used for the test 
pressure, provided that it be gradually applied and the plates 
are not thrown into vibration by hammering or jarring of any 
kind. 

In deciding upon the proper factor of safety to use for the 
working pressure we must be guided by circumstances. For a 
boiler that is thoroughly examined at regular intervals, and 
whose condition is satisfactorily known, we should be justiBed 
in allowing a less margin of safety than with a boiler that is 
allowed to work without being examined for a length of time, 
extending perhaps over several years, during which its strength 
may become considerably reduced. In the former case there 
would be much less risk in using a factor of safet;^ of only 3 
for the working pressure, than in allowing as large a factor of 
6 in the latter case. Again, for boilers that are periodically 
examined we may safely use a less factor of safety when we 
can depend upon the non-corrosive action of the feed water, 
dry condition of the flues and surroundings, and uniformity of 
strain, than when the reverse of these conditions is known to 
exist. 

As a rule we may use for the working pressure of new boilers, 
or those whose condition is known and regularly ascertained at 
intervals of from 6 to 12 months, a factor of safety of 6 or 
even somewhat less, and for those whose condition is not so 
well known a factor of 6 or 8, according as the nature of each 
case may demand. 

Since the strength of cylindrical flue tubes decreases as 
the square of the reduction of thickness, whilst the strength of 
the shell decreases simply as the reduction of thickness, a larger 
margin of safety for wear should be allowed for the former. 



CHAPTER XI. 

TESTING. 

The only means we have of ascertaining with any degree of 
certainty the safety of a boiler, is by the application of pressure, 
which should be under conditions as similar as practicable to 
those of actual work. Let a boiler be ever so carefully de- 
signed and constructed according to the knowledge acquired by 
careful research and long experience in the strength and dis- 
position of its materials, and let every plate be tested before it 
is put in, there will still remain an element of doubt as to the 
actual strength of the boiler since the material may have sus- 
tained injuries in the process of construction which have 
escaped detection. In the case of a new boiler, even by a first- 
rate maker, to say nothing of original and hidden flaws in the 
plates, bars, angle irons, and castings, there is always a possi- 
bility of defects svx^h as bad welding, careless riveting, plates 
burnt in flanging or cracked in bending, and many other defects 
that may be traced to the want of skill or reckless negligence 
on the part of the workmen. 

Many cases of dangerous defects, which the strictest scrutiny 
of the completed boiler would fail to detect have been brought 
to light by the hydraulic test combined with careful inspection. 
The following may be given as examples. In a new boiler the 
rivet holes in some of the shell plates instead of being about 
\^ inch diameter were discovered to have been repunched 
and made 1 inch by -J-J in order to get the f-inch rivets 
through the holes in the adjoining plate. The section of the 
adjoining plates through the line of rivets was thereby reduced 
14 or 15 per cent, more than necessary, and the strength was 
further diminished by the presence of incipient fractures pro- 
duced by the reckless use of the drift. The difficulty, or rather 
impossibility, of keeping the joint tight in testing by hydraulic 
pressuro led to the discovery of these defects which were 
certainly dangerous. 

L 
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In another case, tho gusset plates of a Cornish boiler were 
found to he put iu between the double-angle irons on the ends, 
with the material between the holes and edge of the plate 
nearly all cut away. Such a defect would not be apparent to 
the eye, being completely concealed, nor to to the ear if testec! 
by sound, yet its presence was revealed by the bulging of the 
plates on testing the boiler with water- pressure. 

These two cases indicate the possible unreliability of the mere 
internal inspection of a finished boiler, and show that boilers 
should always be carefully inspected during construction, as 
well as when completed and ready for work. 

TbeiB are many boilers which do not admit of anything like 
proper examination as, for example, locomotive boilers, which, as 
a rule, are worked with a less margin of safety than any other 
class. The expense of removing the tubes would alone forbid 
a periodical examination of the barrel, and the water spaces 
round the firebox are almost entirely out of sight. Then, 
again, many forms of marine boilers and the entire small fry of 
portable, agricultural, and small crane boilers are so constructed 
that a thorough examination is out of the question. There are 
also boilers whose construction being unusual or irregular and 
complicated, defies even an approximate calculation of their 
strength being made. 

Now, in all these cases there is only one means of testing the 
strength, and that is the application of pressure. The many 
ways in which this can be applied may be classed under two 
heads, viz., by steam and by water. 

To those who have not been accustomed to it, it may appear 
the height of madness to test a boiler first by steam in order 
to ascertain if it be safe at 50 or 25 per cent, lower pressure, 
as the case may be. This however is to some extent done, but 
it was once the common practice at many of the boiler works 
and railway works throughout the country. This practice ia 
neither more nor less than an attempt to explode a boiler in the 
repairing shed or boiler yard, to see whether it will not ex 
plode on the line or at the works of the purchaser. Notwith- 
standing that hundreds or thousands of boilers have successfully 
passed through this ordeal, the danger of which is usually 
aggravated by caulking and hammering all the time at leaky 
rivets and joints, the principle is inherently bad, and no 
amount of success which hitherto may have attended it can 
render the practice justifiable. 

In favour of testing by steam, it is argued that it is the only 
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method by which the conditions of strain can possibly be tht 
same as those under which the boiler is worked. No doubi 
this is in the main true, but the steam test should only bo 
applied after the strength of the boiler has been ascertained by 
testing with water. 

With regard to the various modes of testing by hydraulic 
pressure, that commonly adopted is to pump water in until the 
desired pressure be reached. The condition of the joints and 
rivets is then looked to, and any very conspicuous distortion or 
defect probably noted. This is on the face of it only a slip- 
shod and altogether unsatisfactory manner of making the test. 
Of course, it will depend upon the construction and size of the 
boiler, and existing circumstances of situation, accessibility, <fec., 
which is the best course to pursue in any given case. In re- 
testing boilers on their seating that have been some time at 
worky and whose condition has previously, but at no distant 
period, been ascertained by careful test and examination, the re- 
testing will be sufficiently satisfactory, if, when the pressure is 
put on the gauge remains stationary, thereby indicating the 
absence of leakage. At the same time, it is always advisable to 
examine the flues and rest of the boiler that may be accessible 
whilst the pressure is on. 

In testing a new boiler, before the pressure is applied, the 
various parts should be measured and gauged, and the results 
carefully noted. In Cornish and Lancashire boilers each belting 
of plates of which the internal tubes are made up should be 
accurately gauged across the diameter, both vertically and 
horizontally, particularly if the tubes are somewhat oval. The 
exact spots where the measurements are taken are best in- 
dicated with accuracy, by marking them with a centre punch 
and the dimensions at each place should be written on tho 
plate or othewise carefully noted for checking when the pres- 
sure is on. Sometimes, however, the more troublesome plan is 
used of making a separate rod gauge for each measurement. 

It is very troublesome and difficult to measure and re- 
measure the circumference of a large boiler shell with any 
degree of accuracy by steel tape Hues or other means. The 
amount of permanent set in cylindiical shells is usually so slight 
when the boiler is not injured by the test, as to be scarcely per- 
ceptible with the rough means employed to measure it. Most 
attempts to carrying out the system of gauging the circum- 
ference have in consequence proved unsatisfactory, and have 
been abandoned after a short trial The effect of the pressure 

I. 2 
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on flat surfaces, stayed or unstayed, however, admits of accu- 
rate measurement with simple appliances and with little trouble. 

After the test pressure has been maintained some time^ the 
measurements previously obtained should be checked, and any 
extension, distortion, bulging, Ac, carefully noted. Then, 
ngain, when the pressure is relaxed, which may be done sud- 
denly, it should be ascertained whether any changes of shape 
tbat may have been found are permanent or not. If there be 
any permanent enlargement or distortion, even of the slightest 
degree, it should be satisfactorily examined to decide whether 
it is due to the elas^s limit of the material having been ex- 
ceeded or to mal-construction. There are cases, as, for instance, 
with flat surfaces, where a peimanent set might take place and 
which would be quite safe at the ordinary working pressure. 
This is especially the case with stayed surfaces, for it seldom 
Lappens that each stay in a series takes its due proportion of 
load until the stays have been stretched or the plates distorted 
by the pressure. 

But cases of a permanent flue tube distortion or flattening, 
must always be treated with the greatest caution, since the 
change of shape is liable to become aggravated on a subsequent 
application of the same or even a less pressure. In all cases 
v^here a permanent set is discovered, the test should be repeated 
again and again if necessary, to ascertain if the set becomes 
increased. 

Some advocate the method of marking the leaky seams and 
rivets when the full pressure is on, and then reducing the pres- 
sure for caulking. This may appear, however, an unnecessary 
precaution when testing with water, yet it should always be 
rigidly carried out when testing by steam. The jarring caused 
by the caulking is no doubt liable to start the seams and cause 
fresh leakage when the shell is under severe stress, and in all 
cases it is perhaps better to reduce the pressure whilst tho 
boiler is being caulked. 

Many recommend the employment of hot water for testing, 
since it assimilates the conditions of stress to those the boiler is 
exposed to when at work. However, the nearer tho heat 
approaches to the conditions of working, the less capable is the 
boiler of being gauged and examined, in consequence of tho 
presence of the very heat that is recommended. This fact con- 
demns, in the writer's opinion, the method of using very hot 
water, as a hydraulic test ia comparatively worthless without 
careful examination at the same time. This objection to hot 



TESTING. 221 

testing applies most strongly to tubular boilers where the large 
tubes are likely to be the weakest portion of the structure, and 
should consequently be the most carefully examined under pres- 
sure. Moreover, the effects produced by the uniform expansion 
of the whole boiler in using hot water for testing are in many 
cases very unlike the local expansion of the plates and 
other effects produced by the fire and hot gases. 

A plan has been proposed and in some few cases adopted of 
filling the boiler with water, closing every outlet and putting a 
fire to it. As water expands about -^^^ in volume in riNing from 
60'^ to 212°, the rise of temperature as the water becomes heated 
will cause a corresponding increase of pressure, and from the 
regularity with which the pressure rises the condition of the 
boiler can be decided, any jerks or starts of the gauge hand 
being considered to denote weakness, the soundness, on the other 
hand, being indicated by the steady rise of the pressure gauge. 
In using this method of testing, there will bo some difficulty in 
regulating the fire so as to impart the heat in a uniform and 
regular manner, and also some difficulty in maintaining the tem- 
perature for any length of time exactly at the point to cor- 
respond with the desired pressure. The use of this plan would 
of course forbid the examination during the test, at least of the 
heating surface, and it is very doubtful whether the rise of 
pressure would be so irregular in most cases as to attract 
attention in' the event of any portion becoming overstrained. 

It is most important that any permanent increase of volume 
should be detected and the following plan for this has been 
proposed : After the boiler is filled, the quantity of water 
forced in to raise the pressure is aocurately ascertained. On 
removing the pressure the boiler will contract more or less, and 
the amount of water forced out, if less than that forced in, will 
be considered to indicate a permanent dilation of volume. The 
air in the boiler, to say nothing of that present in the water 
which, however, could be removed temporarily by boiling, would 
in most cases destroy the accuracy of this test. In most boilers 
there are so many places for the air to lodge about the highest 
points as to cause its entire removal no easy matter. Besides, 
any leakage during the test would falsify the result obtained by 
measuring the water, and the springing of the plates on release 
of pressure would be apt to dislodge more than the amount of 
water due to contraction of volume alone. 

In whichever manner a boiler is tested, too great care cannot 
be exercised in obtaining the exact amount of pressure em- 
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ployed. The weighting of safety ralves is quite unreliable 
when water pressure is used, and dial gauges are too apt to get 
out of order to be implicitly trusted when only a single gaug« 
is used. Several curious but serious accidents to boilers have 
happened through relying upon the indications of a single 
pressure gauge when testing by hydraulic pressure. 

Although a boiler cannot be exploded when water pressure 
alone is used, a few serious accidents have occurred from the 
springing of the plates on their giving way under hydraulic 
test. This is more likely to occur with steel than with irop 
plates. The spring upon the material, together with the ex* 
pansion of the compressed air have been known to cause a steel 
plate to double right back when it has been fractured in testing. 

There are many who oppose the system of testing boilers by 
hydraulic pressure on the ground that it does not tell us the 
actual strength of the boiler after alL But the same objec- 
tion may bo urged with equal force against the use of a steam 
test, and the reply to this objection is twofold : 1, the test is 
not meant for perfectly sound boilers, but for the detection of 
weakness, which is usually local, and if carefully conducted, the 
test gives us positive evidence of the presence or absence of such 
weakness, and of the safety of the boiler at the pressure it is 
intended to work at, so far as the pressure per se is concerned. 
2, In order to ascertain the actual strength of a boiler, we 
should have to burst it, or at any rate so far strain it as to 
render it worthless, which no sane person would demand for a 
boiler he intends working. 

There is, however, a more sensible argument that applies 
equally to steam and hydraulic tests, viz. : — A boiler may be 
strained without detection, beyond its elastic limit, either locally 
or generally by the test pressure, so as to render it unsafe at 
the lower working pressure ; or, in other words, a high test 
pressure may render a boiler unsafe which would otherwise have 
been safe at the lower pressure used in working it. It is feared 
that any weakness may be aggravated by the te.st without being 
disclosed by it. Such a case is certainly within the bounds of 
probability, and the fact of its possibility should urge the 
expediency of close inspection whilst the boiler is under pressure. 

The danger of seriously injuring the strength by using an 
excessive test pressure is most likely to occur in the case of 
tubular boilers, where the distortion of the large tubes becomes 
rapidly aggravated by a lower pressure than that to which the 
distortion in the first place may have been due. 
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We como now to the question, — How long should the test 
pressure be maintained ? On the one hand, by keeping it on as 
short a time as possible any serious straining may be prevented 
and save a weak boiler, but on the other hand, by maintaining 
the pressure a considerable time — say half an hour or more, it 
may lead to the detection of weakness which would otherwise 
escape unobserved. As to the first of these contingencies, a 
boiler, especially if new, should not be considered sound if 
unable to bear a pressure considerably in excess of its working 
pressure for a considerable length of time ; besides, a test of 
«hort duration is incompatible with efficient inspection. Want 
of tightness in the joints is often revealed by leakage, only 
after the pressure has been applied for some time. In expla- 
nation, it may be stated that the steam or water leaking from a 
joint does not always find its way between the plates inune- 
diately opposite the point of issue, but the actual source of 
the leakage, as we may call it, is at some point perhaps several 
inches distant, whence it requkes a considerable time to force 
its way to the point where it makes its appearance. There can 
be no doubt that, from the manner in which boilers are usually 
put together, the internal pressure is not equally resisted by 
all parts of the shell, and produces an undue and often very 
severe strain on one plate or portion of a plate. This is 
probably the cause of many leakages that occur, and which only 
"take up" after the plate becomes stretched and relieved of 
the extra strain, and it is therefore advisable in testing, to 
allow the pressure to act long enough to stretch such weak 
portions. 

As to whether a boiler is strained most severely by steam or 
by hydraulic pressure, this will be found to resolve itself almost 
entirely into a question of construction. 

A boiler under steam is often strained, especially in a longi- 
tudinal direction, more by the greater dilation of the tubes 
compared with the shell, or by the imequal expansion of the top 
and bottom of the shell than by the actual fluid pressure. In 
fact, it would not be difficult to design a boiler that would 
explode violently with 30 or 40 lbs. of steam pressure, and 
which would not be unduly strained by 200 or 300 lbs. of 
water pressure. The persistent leakage at the shell ring seams, 
along the bottom of horizontal internally fired boilers without 
external flues, is usually ascribed to the difference in temperature 
of the water and steam at the bottom and top of the boiler, but 
In some cases the leakage is principally caused by the longitu- 
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dinal BtraioiDg of the bottom of the shell, due to the gi-eatei 
expansion of the tabes, especially when the firing is forced in 
getting up steam after the boiler has been at rest. As this 
straiuing would not take place in testing the boiler by hydraulic 
pressure in the usual manner, this leakage would not be pro- 
duced. It follows from the above considerations, that a 
hydraulic test might fail to indicate weakness which would bo 
produced and made apparent by steam pressure. 

It is often much more difficult to keep a boiler perfectly 
tight, and free from oozing at the rivets, plate edges, stays, and 
tube ends under a very high water pressure than under an 
equal pressure of steam. This is probably owing to the fact, 
that the high temperature in the latter case tends to close the 
joints, and with certain kinds of water any slight oozing is 
found to take up by the opening becoming closed with deposit or 
corrosion, which is induced by the high temperature. 

It is sometimes urged, that the severe percussive or dynamic 
force produced by the sudden raising of steam by hard firing, 
or by suddenly opening and shutting the valves and cocks, 
strains a boiler more than the dead static pressure which is 
supposed to be exerted in employing the hydraulic test. But 
instead of the hydraulic test being a mere dead pressure, the 
rapid working of the pump often produces a severer sudden 
strain than can well be produced when there is an elastic 
cushion of steam in the boiler, and when the pump is carelessly 
used the inelastic property of the water may render the water 
test unduly severe. In order to obviate any severe shocks in 
using the pump, the connection between it and the boiler 
should be made of a very small area. 

In supplying the boiler with water for testing, some engineers 
always stop the outlets from the boiler before it is quite full, 
and BO retain a quantity of air to act as a cushion when the 
pressure is applied by the pump. 

Although the system of testing boilers by hydraulic pressure 
to a point considerably above their working pressure has man}' 
opponents, its value is attested by the numerous legislative 
enactments in force for its employment abroad. In most 
countries the law is more lenient towards old than new boilers, 
and is not so severe with multitubular as with other boilers, so 
far as the degree of pressure to be applied is concerned. 
The reasons for this have been indicated in the last chapter ; 
it may, however, be further remarked that in the case of an 
old boiler of whose condition there may be some suspicion^ the 



hydraulic test should not be applied until its form and the 
strength of plates, as measured by the thickness, have been 
ascertained by inspection, where this is possible, in order to 
guard against overstraining. But when this is impracticable, 
as in many multitubular boilers, one and a half times would 
be safer than twice the working pressure for the limit of the 
test. 

A boiler that has been at work for some time, and has thus, 
in a manner, proved its capability of bearing a given pressure, 
may bo considered safe if it will stand a test of one and a 
half times its working load ; even if it has been overstrained by 
the test, it may still bo considered safe for a limited time. 
The effects of overstraining would probably be detected on a 
repetition of the test, after the boiler had been working some 
time, and this appears to be an argument in favour of perio- 
dical testing, especially when a reliable inspection cannot be 
made. 

The inspection of boilers should commence at the works 
where the plates are manufactured, where alone many circum« 
stances connected with their quality can be ascertained. 

Many new boilers proved tight and sound on testing at the 
makers', have been damaged in their subsequent lifting and 
transit, and still more have been seriously damaged by getting 
up steam too hurriedly the first time for regular work. 
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CHAPTER XII. 

BOILER EXPLOSIONS. 

Safety or freedom from liability to explode is the first con- 
dition to be sought in usiog a steam boiler. That this oon* 
dition is far from being universally attained, is but too well 
proved by the frequent occurrence of disastrous explosions. 

It was formerly the rule which, unfortunately, still to some 
extent prevails, to attribute explosions to occult causes. Such 
phenomena as electricity, generation of explosive gases within 
the boiler from the decomposition of steam, the instantaneous 
flashing of a large body of water into steam, accounted for by 
the spheroidal theory or from the superheating of water purged 
of air, great deterioration in the quality of the plates from 
chemical change?, and mysterious overheating and superheating 
have been from time to time urged as causes of boiler explo- 
sions, and usually with a confidence and persistence in the 
inverse proportion to the fitness which would qualify their 
propounders to speak of them. Unwillingness to know the 
irue cause of an explosion on the part of those interested, as 
well as inability of others to scrutinise the facts of the case, 
liave, no doubt, been the means of perpetuating much of the 
speculative nonsense that has been promulgated on this subject. 

In this country it has been mainly through the researches 
and eflforts of Sir W. Fairbairn, the engineers of the Man- 
chester Steam Users' Association, and more recently the engi- 
neers of the Boiler Insurance Companies, that explosions have 
been stripped of the mystery in which they were shrouded, and 
have been ascribed to their true cause. As a rule, steam boilers 
explode from ono cause alone — overpressure of steam. The 
term overpressure is here used not relatively to the working or 
blowing-off pressure, but to the strength of the boiler. It 
often happens that boilers are too weak for the pressure they 
are worked at, and no accumulation of pressure beyond thia 
is requisite to bring about their destruction. The circumstance 



BOIIrER EXPLOSIONS. 227 

of a boiler being unfit to bear its working preBSure may 
be due — 1, to its original design and power of resistance not 
being understood by those who fix the pressure it works 
at, a common occurrence, arising from ignorance ; 2, to tho 
strength, although originally sufficient to bear the working 
pressure, having been gradually reduced by wear and tear, 
in which case the error is due to negligence ; 3, to the 
strength of the structure becoming suddenly overtaxed and 
diminished, as by sudden unequal contraction, caused by unfore- 
seen circumstances or neglect, when its escaping detection until 
too late may be due to negligence, or, perhaps, in extremely 
rare cases, to those nondescript causes that swell the chapter 
of accidents, from which the carrying on of human afiairs appears 
to be inseparable ; 4, to defects in workmanship or material, 
whose presence, in the great majority of cases, can be detected 
by proper inspection and testing, but which may happen in 
rare cases to escape the closest scrutiny, and must be placed in 
the list of humiliating circumstances which remind us of oui 
fallibility. 

If we examine these heads more closely, we shall find— 
1, that ignorance of the principles of construction is exhi- 
bited in allowing large flat surfaces to exist without staying, 
or in wrongly applying intended means to strengthen them. 
Cases are met with of Cornish and Lancashire boilers converted 
into plain flat-ended cylindrical boilers, where the neglect to 
provide for the loss of strength due to the removal of the 
through tubes can only end in disaster. In some descriptions 
of internally fired and furnace boilers, the flue tubes, instead of 
passing from end to end are taken through the shell side, or are 
made of a horseshoe shape. Their efficiency as longitudinal 
stays is thus done away with, and when no other stays or 
means of imparting strength are substituted — by no means a 
rare occurrence — explosion is likely to follow. 

The following are examples of ignorance of design that have 
led to explosion : — Application of inefficient diagonal stay bars ; 
stay bars attached diagonally to furnace tubes ; longitudinal 
stay bars rendered useless by being bent, or arranged without 
strutting to clear floats, feed pipes, <kc. ; girder stays of flat- 
topped fireboxes and combustion chambers cut away in the 
middle to clear steam pipes, <bc. ; absence of stay bolts in flat 
fireboxes where needed, or stays not made sufficiently strong ; 
attempting to strengthen flat end plates by stiffening instead of 
staying ; absence of encircling strengthening rings or hoops 
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round large tubes ; removing these hoops for feat of leading to 
overheating ; hoops applied ia halves without having their ends 
attached to complete the circle ; angle iron hoops partially cut 
away to clear obstructions ; hoops applied to elliptical tubes, 
as though their efficiency were equal to similar hoops round 
circular tubes ; application of too numerous carrying brackets 
to the sides of externally fired boUers, so as to interfere with 
the freedom to expand and contract ; cutting away the shell- 
pliites for manholes, domes, and other mountings, without 
making adequate provision for the loss of strength involved ; 
rigidly attaching boilers to seats or frames, as in locomotives ^ 
omitting to stay oval or large circular combustion chambers to 
shell sides ; omitting to provide large weak boiler shells with 
valves opening inwardly ; omitting to allow for spring in the 
end plates for the expansion of the through tubes in long 
vertical boilers ; omitting to provide against collapse of the 
closed crowns of the flue tubes in some kinds of vertical furnace 
boilers ; omitting to tie or stay the weak flat bottoms or tops, 
as the case may be, or vertical furnace boilers ; omitting to tie 
the sides of some descriptions of dry bottom furnace and 
Butterly boilers, 

2. The defects that arise gradually from wear and tear, such 
as wasting by corrosion and grooving, and which are likely 
to seriously impair the strength of the boiler, have already 
been discussed under " Wear and Tear." 

3. The strength of the structure, originally sufficient for the 
pressure, can only become suddenly reduced to a dangerous 
degree by overheating, or overstraining through too sudden 
cooling or excessive expansion of flue tubes. Overheating may 
be caused by shortness of water ; by accumulation of deposit 
or foreign matter on the furnace or flue plates and tubes ; by 
defective circulation ; by the metal being too thick near the 
fire, or by the heat being very intense and concentrated, when 
oven thin plates with moderately pure water are liable to dete- 
riorate ; by the accumulation of air and steam in the upper 
parts of the tubes or cells of "tubulous" and "unit" boilers, 
from which it cannot escape, in which case the design of the 
boiler is at fault. 

Shortness of water may be due to leakage of joints, valves, 
or mountings below the water line, or by taps or valves being 
carelessly left open. It may also be due to excessive priming, 
or, in vertical boilers contsdning little water, to a sudden and 
excessive demand for steam. It is sometimes caused by failure 
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in the feed supply, either through Bhoer neglect to turn on the 
feed in sufficient quantity,, or through some accideutal or wilful 
stoppage, breakage, or detachmelit of pipe. The back pressure 
valve sticking or becoming inoperative, or absence of any back 
pressure feed TaWe, when the. water may be forced back through 
the feed apparatus, or syphoned out from one boiler into 
another, has often led to shortness of water. It may also be 
indirectly due to the water gauges, floats, &c., being allowed to 
get into such bad condition as to be unreliable, and lead to a 
false- reading of the water leveL 

Accumulation of deposit is usually produced by bad feed 
water. It may take the form of solid hard incrustation, or of 
a thick adhesive paste, lying only in certain parts. The accu- 
mulation may also act only in thickening the water, which is, 
however, usually the most dangerous form, as its presence is 
then least suspected. Foreign matters of various kinds are 
often added intentionally to remove incrustation, and are 
sometimes inadvertently left within the boiler after repairs or 
cleaning. The accumulation is promoted by making the boiler 
inaccessible for its removal, and by defective circulation. 

Defective circulation may be due to the design of the boiler, 
from its having top cramped water spaces, which defect becomes 
aggravated by accumulation of incrustation ; from water tubes 
being placed horizontally or with insufficient inclination ; from 
the convection being impeded by overcrowding of tubes, or 
placing them too close over furnace crowns, and from having 
too large a body of dead water lying below the heating surface. 

Too great a thickness may be due to the use of excessively 
thick plates ; to making the amount of lap excessive ; to bad 
irrangement of furnace strengthening hoops, to careless patch- 
ing, and to the injudicious application of stays and top hamper 
on flat firebox and combustion chamber crowns. 

The heat may be too intense and concentrated, like a blow* 
pipe flame, as with some arrangements of furnace boilers, where 
the furnace throat is short, and the hot gases are delivered 
right on to a plate of the shell or tube, which may be thereby 
gradually distressed and weakened, or rapidly burnt by the 
heat driving the water off the surface. The upper portions of 
horizontal or inclined water tubes being filled with steam, are 
liable to become overheated and destroyed, either slowly or rapidly, 
according to the intensity of the heat they are exposed to. 

Thtj portions of flue tubes passing through the steam space of 
vertical boilers, both large and small, especially when the are' 
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uf firegrate is large in proportion to the heating surface, are 
liable to overheating and collapse. This renders the working 
of small vertical internally fired boilers with chimney flues un* 
safe when an unusual demand for steam arises, since the forcing 
of the fires ia liable to raise the temperature of the flue plates 
to a dangerous degree. Small boilers of this class are almost 
invariably employed where weight and space are limited, but 
they should only be used for easy and regular work. 

Cases of overstraining through sudden cooling and excessive 
expansion, have already been considered in the chapter on 
** Wear and Tear." It is obvious that overheating from accu- 
mulation of deposit is most likely to occur in plain cylindrical 
externally fired boilers, as the deposit falling from the sides ia 
apt to become thick on the bottom plates exposed to the flame, 
or even over the fire. The same result may happen, however, 
when internally fired tubular boilers are very short in propor- 
tion to the size of firegrate, since the gases may be still 
intensely heated before passing underneath the boiler bottom. 
In fact, such a boiler is exposed to some of the same risks as an 
externally fired boiler. 

4. Defects of workmanship and material are most liable to 
escape detection in small vertical boilers and in multitubular 
boilers of the locomotive and other types where the inside 
cannot be examined unless the tubes are removed or the boilers 
are partially taken to pieces. The defects in workmanship 
usually found are carelessly punched and fractured rivet holes, 
burnt or broken rivets, plates damaged by burning, or fracture 
in flanging, dishing, bending, welding, hammering, and punch- 
ing, in the boiler yard or during repairs ; defective welding of 
plates and stays, fractures in the ends of brass and small iron 
tubes, and carelessly-secured stays. Old plates are frequently 
Feriously damaged by patching them with new plates, in the 
process of removing the rivets, in putting on the new patch, 
and also by the greater expansion and contraction of the new 
plate, when the boiler is at work, especially when it is over 
the fire. 

Defects of material, such as blisters, lamination, and those 
arising out of the insufficiency in size of the slab from which th 
plate is cut and adhesion of sand or cinder in rolling can some«^ 
times, but not always, be detected by inspection, firittleness 
of material, unless it be glaringly bad, can seldom be dis- 
covered by ordinary inspection after the construction of the 
boiler is completed. 
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Boilers of tbe full calculated strength are often exploded by 
an accumulation of steam pressure beyond that assigned to 
them. 

The overpressure may be due to the total absence, or in- 
adequate size or lift, of safety valves or self-acting means of 
escape for the steam or to the communication between the 
safety valve and boiler being shut off by some valve or other 
means. Such an accident may occur when the safety valve is 
injudiciously placed on the steam pipe, beyond the steam shut- 
off valve. When the safety valve forms one of a cluster of 
mountings on one pipe or branch from the boiler, it is 
a common practice during cleaning and repairs to plug up 
ihe aperture of the pipe from the inside, to prevent the drip- 
ping of water on those engaged inside the boiler. Now, the 
risk there is of neglecting to remove the plug, and so endanger- 
ing the safety of the boiler should never be incurred. The 
safety valve should, therefore, be always applied as an indepen- 
dent mounting. 

Overpressure may arise from the safety valve being recklessly 
overweighted, by increasing the length of the lever, or the 
amount of the weight on the lever in valves of this construc- 
tion. It may be caused by screwing down, tying or wedging 
fast the lever or dead weight ; by the sticking fast of the 
lever, valve, or spindles in connection, and by the escape pipe, 
when there is one, becoming plugged up by the water freezing 
or other accident. 

Safety valves of the ordinary lever construction offer the 
greatest facilities for overweighting, which is sometimes resorted 
to when the valve is not tight at the working pressure, through 
faulty design, or for want of re-grinding or proper attention. 

Overweighting is also resorted to in order to make the blow- 
iog-off pressure agree with the telling of a defective pressure 
gauge, or from sheer laziness on the part of the firemen when 
the wish is to save trouble in attending to the boiler. The 
facilities and temptations for overloading may be diminished by 
cutting the lever to the shortest length admissible, or when 
spring balances are used, by preventing the possibility of screw- 
ing down beyond a certain point by the application of ferules 
or other means. By placing the ssdTety valves in a conspicuous 
and open position, so that the addition of irregular weights 
may be at once detected and the wedging or tying down ren- 
dered difficult, the temptation to overload the valves is reduced. 
The use of dead- weight valves, of good construction, on 
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Btationary boilers, renders overloading to a dangerous degree 
no easy tank. 

A common practice, where little attention is paid to boiler 
management, is to wedge down the valve, by inserting a chisel 
or other suitable article between the lever and top of the guide 
through which it passes. 

The sticking fast of the valve may be due to the metal of 
the lid arid seat seizing or wedging tight together, by long 
contact or excessive pressure ; to the bending of the central 
spindle, or wedging tight of feathers and guides, by expansion, 
or by the thrust from the spindle or double eye not acting per- 
pendicularly on the valve lid, or by this spindle under the 
lever sticking fast in the bonnet or stuffing box, when the valve 
is of the closed-in description. Sticking fast of the lever is 
often caused by the corrosion of the double eye and pin at the 
fulcrum end. In order to avoid this corrosion the double eye 
and pin, and in some cases the lever, are best made of gun 
metal, or worked on a knife edge, if the condition can be easily 
ascertained at any moment. It is a mistake to use much 
grease to the safety-valve lever joints, where there is much 
coal dust or dirt, as the grease rapidly becomes converted into 
a sticky mass, that clogs the action of the lever instead of 
aiding it. 

In order to lessen the risk of overpressure from the safety 
valve becoming inoperative, every boiler should be provided 
with two safety valves, one of them at least being of the 
external dead- weight type, for stationary boilers. Lock-up 
valves cannot be recommended, as they become useless unless 
frequently eased off their seats. 

Other circumstances are to be met with besides gradual ac- 
cumulation of steam pressure, that may possibly bring about 
the destruction of a boiler strong enough to bear the ordinary 
pressure at which the safety valves blow off. The conversion 
of the static pressure into a dynamic force, by suddenly 
opening or closing a large steam valve or safety valve, may pro- 
duce a violent rush of steam and water against the part of the 
boiler whence the steam is drawn. The percussion of the water 
and steam in such cases has been known to shake the whole 
fabric of the boiler. When produced by the sudden opening 
of the steam junction valve, the percussive action has been 
known to lift the safety valve momentarily right off its seat, 
although more than six feet distant from the point of sudden 
efflux. 
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A few cases are recorded of boilers being damaged and 
he<iting apparatus destroyed by the detonation of explosivf 
mixtures in the flues. Gases are formed and accumulated 
under certain conditions, from the slow distillation of the coal 
when the damper is closed. On the Are door being suddenly 
opened the rush of air mixing with the gas and becoming sud- 
denly ignited produces an explosion. Harmless explosions of 
this kind on a small scale are very frequent, and it is difficult 
to explain how violent explosions ore not more frequent than 
they are. The disturbance of a boiler under steam by such a 
dctonatinn might so strain it as to bring about an explosion at 
the ordinary working pressure. Oases have occuiTed of exter- 
nally fir(«d boilers, standing empty for cleaning, being seriously 
injured by an explosion of gas, which has found its way through 
some opening where the valves have been open or fittings 
removed. On a lighted lamp or candle being applied to the 
manhole, the mixture of gas and air has exploded with a loud 
report and fatal result. 

Explosions of locomotive boilers have been brought about by 
the fracturing of the shell, caused by the dome being carried 
away in coming in contact with tunnels or overhead bridges, 
or by the shell being pierced by a broken connecting rod when 
running. 

Several cases have occurred of the so-called simultaneous 
explosion of two or more boilers working side by side. This is 
usually brought about by the explosion of a single boiler in 
the first instance, from being too weak to bear the steam pres- 
sure, when the projected portions coming in violent contact 
with the other boilers under steam, and producing rupture, 
cause their explosion. 

When a boiler gives way from overpressure or sudden con- 
traction, a rent may be formed or a piece of plate blown out. 
The former is the most usual manner of yielding ; but in both 
sases it will depend upon the strength, nature, and arrangement 
of the material bounding the initial fracture as well as its 
position, and also upon the pressure, temperature, and amount 
of water and steam in the boiler, whether the contents will 
gradually escape through the opening already made, or whether 
in their violent rush they will increase the extent of opening, 
and make it easy for the steam behind to tear the boiler into 
several pieces, and cause a violent explosion. 

Now to make this more clear, we shall first consider the in- 
fluence of the position of fracture. Many cases have occurred 
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of manhole lids on the crowns of horizontal boilers being blown 
aloft, either from defect of fastening down or defect of material. 
When the manhole is properly fortified with a mouthpiece or 
ring the cover is projected aloft, the contents gradually escape 
through the hole and the boiler is left on its seat (if this be 
mfficiently strong to withstand the recoil), and probably no 
farther damage is done, except to the boiler-house roof. 
Should, however, the same accident happen to a manhole cover 
underneath the boiler, placed near the ground, the effect wiU 
be very different, and it will depend upon the weight of the 
boiler and water contained, size of manhole, pressure of steam, 
and distance of aperture from the ground, whether the boiler 
and its contents will be merely raised a little from its seat, 
or whether it will be shot aloft like a rocket by the unbalanced 
pressure on the discharge of steam. If the manhole were in 
the side of a verticid boiler, and near the top, the blowing off 
of the lid into an open space in front would probably topple 
over the boiler if it were not well supported. 

Again, if the manhole in our first case were without any 
provision for strengthening the plate surrounding it, and if the 
edges of the plate were reduced in strength by fractures or 
corrosion and wear, the rush of steam and water, on the lid 
blowing off, would probably start a rent in the shell, which a 
high pressure within the boiler would continue along the lines 
of least resistance, and the result would be a violent explosion, 
the severed plates being carried in different directions. 

The remarks respecting the blowing away of the manhole 
cover apply also to the case of a piece of plate being blown 
out. 

It is easy to conceive how an incipient rent in a plate may 
be carried on by the same pressure that would be insufficient to 
commence the rent, when we remember how easily a piece of 
stout paper or cloth is torn through when a rent is made, ever 
so slightly, either at the edge or in the body of the material, 
cr how easily a stick or cano is torn in two when a nick is 
made in the end. In all such cases the apparent weakness of 
the material at the initial fracture is due to the unequal man- 
ner in which the divellent strain is distributed over the fibres 
of the material when the rent is once begun. 

When the boiler plates are brittle, the vibration caused by a 
sudden jar, such as is produced by a sudden rush of water and 
9team, may also have effect in continuing a fracture once began 
in a manner similar to that which causes glass and other brittU 
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materials to break up bo rapidly, once they are slightly 
fractured. 

When one or more portions of a boiler have been separated 
from the rest, and have been lifted and set in motion by the 
pressure, it is easy to conceive how the quantity of steam 
behind given ofif from a large body of water at a high tempera- 
ture can propel them to a great distance. The manner in 
which large masses of plate are completely flattened out shows 
that the disruptive force has been exerted in all directions, and 
not merely in one line to which the first rush of steam and 
water has taken place, as has been assumed by some writers on 
this subject. 

If a cylindrical shell plate gives way by rending through a 
lino of rivet holes, or along a line of grooving or external 
corrosion, it will greatly depend upon its mode of connection 
with the adjoining belts of plates whether the rent will extend 
further than one plate. In the first place, if the rent should 
occur at a longitudinal seam, either through the rivet holes 
or at the edge of the overlapping plate, in a boiler where 
the riveting extends in a continuous line from end to end, it 
will probably pass right along through several plates, although 
they may be strong compared with the plate where the fracture 
commenced. Should, however, the weak line stop short at the 
edges of the plate, as when the longitudinal seams break joint, 
on giving way, the pressure tending to flatten the plate out will 
cause the rupture to pass through a line of transverse rivet 
holes or tear off the rivet heads, if the ruptured plate be out- 
side the other plates at the ring seam ; but should the overlap 
of the fractured plate be inside the other plate, the flattening 
out will be resisted, and the longitudinal fracture will probably 
extend to the next plate, still retaining a longitudinal direction 
or striking off in a diagonal direction, according to the position 
of the line of least resistance, which will be varied with the 
manner in which the plate opens out. 

Beferring to the first of the two cases just considered, such 
a plate opening out near the crown of a horizontal boiler, or 
in any paxt of a locomotive or vertical boiler where the steam 
and water have plenty of room to escape, will probably only 
cause damage by the issuing contents, the rest of the boiler 
remaining undisturbed. But if the rent occur where the 
escaping steam and water come in immediate contact with a 
heavy inert mass, as, when the plates rend inside a flue the 
probable consequence will be that the confined steam will pro- 
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loDg the transverse fractures, until the boiler is separated into 
two or more pieces, and project, one or all, to some distance. 

Transverse seam rijjs, virhich occur most frequently in exter- 
nally fire boilers, have fdready been treated of under the head 
of " Wear and Tear." When these rents occur on the bottom, 
during the working of the boiler, and the weight of the shell 
and its contents is very great, the recoil frequently raises one 
end, when the boiler separates, and the lightest or freest por- 
tion is projected endways to a distance. 

'i he absence of longitudinal stays or ties in most externally 
fired boilers increases the facility of the ends to take leave of 
each other when once the shell is divided. Should the weight 
of the boiler and contents be small compared with the pres- 
sure, the recoil will probably project the whole boiler aloft, 
when the expansion of the steam will further separate it, and 
the pieces will fall in difTerent places. 

If the seam rip be confined to a short length, the pressure 
may be gradually released, without lifting the boiler from its 
seat at alL 

These seam rips on the bottom are sometimes caused by the 
sudden contraction of the plates on filling the boiler with cold 
water whilst the bottom is still hot after emptying. When not 
detected before the boiler is set to work again, the rent may be 
gently enlarged, as the pressure rises, and allow the contents 
to escape gradually, without lifting the boiler. Oases have 
occurred where these seam rips, produced by too sudden cool- 
ing, have been of such a size as to allow the water to escape 
from the boiler as quickly as it entered, on attempting to refill. 

When a horizontal fiue tube collapses entirely, without 
fracturing to any great extent, the pressure is usually relieved 
by the steam escaping through the started seams and small 
fractures. If such a collapse be sudden, there may be a severe 
concussion of the air, but no violent explosion , the boiler shell 
remaining unmoved. But should the tube fracture considerably 
without parting in two as it collapses, the effects may be very 
serious, from the rush of hot water and steam. When the 
rush is towards the confined back end the boiler may be pro- 
jected forward by the recoil ; and, on the other hand, if the 
contents escape most readily from the front end, the boiler may 
not be moved from its seat, but the rush of hot water will be 
liable to cause all the disasters of an expbsion, especially when 
the boiler is in a confined situation. If the tube on collapsing 
be broken in two, and its efficacy as a longitudinal stay 
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bo destroyed, one or both ends of the boiler may be blown 
out along if?ith the tube and part of the shell attached, or 
broken off, where the ends are not well stayed to shell. 

In locomotive boilers a collapse of the firebox top plate or 
yielding of the crown plate in furnace tube vertical boilers, 
and fracture round the furnace bottom plate, by which the con- 
nection with shell becomes severed, are liable to lead to violent 
explosion, as the reaction consequent upon the downward rush 
of the contents will carry the boiler aloft. 

In investigating the cause of a complicated explosion, the 
relative weights, positions, shapes of the scattered pieces, and 
the direction taken by them must first of all be carefully noted, 
and their original positions in the boiler be assigned to them, 
along with the positions of the different mountings, manner of 
staying, and absence or presence of means for strengthening 
domeboles, maohole, tubes, combustion chambers, <&c. The 
original shape of the shell and large flue tubes should be ascer- 
tained as accurately as possible. The primary rent is then 
to be sought for. In many oases the direction taken by the 
heavier pieces is a guide to this, as the fractured plates, if 
free to move, will shoot of, the light pieces along with and in 
the direction of the first rush of steam, and the heavier pieces 
in an opposite direction. 

That this, however, is not always the case is obvious, as, for 
instance, when the boiler turns over before separating, or where 
the direction a piece of the shell would take, if free to move, 
is changed by part of it clinging for a time to the larger mass 
to which it may be attached. 

All the edges of the plates and angle irons along the lines of 
fracture should be carefully examined, in search of weak places, 
such as thinness caused by grooving and corrosion, external and 
internal, wasting of rivet heads, defective rivet holes, in- 
sufficient lap, old flaws and fractures, patching and other signs 
of repair, indications of softening or deterioration by over- 
heating, condition of low-water indicating apparatus, safety 
valves and pressure gauges. 

A close examination of the shape of the rivet heads and of 
the shapes and sizes of the plates and arrangement of seams 
throughout the boiler will usually lead to detection of repairs 
when these are not obvious at first sight. The colour and nature 
of the fractures, and whether they be short or jagged, are the 
only guides to the length of time they have existed, and how 
ibey have been produced. 
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Overheating from sliortness of water usually declares itself 
by the bulging and buckling of the plates, by breaking off tlif 
incrustation on one side, and by producing a burnt appear* 
anco, along with removal of soot, <(rc., on the other side, by 
the starting of the joints and melting of fusible pings, and in 
furnace tubes also by forming corrugations parallel with the 
liug seams. These corrugations are produced by the excessive 
ojcpansion of the plates at the part where they occur. 

It is very seldom that externally fired boilers explode from 
shortness of water, although their bursting has often been 
ascribed to this cause. In fact it has long been tho fashion, 
whenever a boiler explosion occurs, to endeavour to attribute it 
to shortness of water. This is nothing more than an easy 
method of shifting the responsibility from the makers and 
owners on to the attendant, who, if not killed by the explosion, 
in many cases might just as well be, so far as his ability to 
defend himself is concerned. 

Internally fired boilers, on the other hand, frequently do 
explode from shortness of water. 

One or more of the defects above indicated will in most cases 
be found to be the cause of explosion, which may have occurred 
at the ordinary working pressure. But if no such defects can 
be found, and the calculated strength of the boiler be sufficient 
for the alleged working or blowing-off pressure, the condition 
of the safety valves, levers, weights, springs, double-eyes, pipes 
or branches, must be still more closely inquired into, and the 
strength of the plates at fractures carefully tested. The alleged 
blowing-off pressure must be carefully checked by calculating 
the weight upon the valve, and the accuracy of the pressure 
gauge as well as its condition should be ascertained, and any- 
thiug else suggested by the nature of the case that may throw 
light upon the manner in which the overpressure has been 
brought about. 

There are still many who maint-ain that the violence of some 
explosions cannot be ascribed to gradually accumulated over- 
pressure, and many theories have now and again been started 
to account for the tremendous force that is made manifest by 
its effects. 

In seeking to assign such a phenomenon as a boiler explosion 
to any cause that is known to exist in nature, we must be pre- 
pared to show : 1, that the cause can exist in the case in ques- 
tion ; 2, that it is competent to produce the results ascribed t) 
it ] and 3, that no other known cause can produce these results. 
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Now if we apply the above standards of reasoning to over* 
pressure of steam, we know that it often does exist and may in 
almost any case exist unawares. That it is competent to pro- 
duce the violent results so often exhibited has been proved 
theoretically and practically. It has been demonstrated by 
Professor Airy, that the destructive energy stored up in 1 cubic 
foot of water in a boiler working at 60 lbs. pressure, is equal 
to the destructive energy of 1 lb. of gunpowder ; and it has 
been shown by the experiments of the Franklin Institute, that 
gradually accumulated steam pressure in ordinary wrought-iron 
boilers can produce a violent explosion. That other causes can 
produce similar results cannot be disputed, as vessels of com- 
pressed air and gases have sometimes burst with terrific eifect. 
On examining, however, the usual effects of a boiler explosion, 
they are not what we should expect from a discharge of ex- 
plosive gases, detonating compounds, or electricity, which would 
act instantaneously and shatter the plates receiving the full 
force of the discharge into small fragments. 

The tearing up of a boiler on explosion although rapid hi not 
instantaneous, and the somewhat gradual developement of the 
force stored up in the highly-heated water keeps up a con- 
tinuous pressure behind the separating pieces, which is better 
calculated to hurl them to a great distance than a force actiog 
instantaneously and suddenly dissipated. 

That electricity might be developed in a steam boiler, under 
certain conditions, there can be little doubt, but it is difficult 
to conceive how any large quantity can accumulate within a 
boiler either in direct or indirect communication with the earth. 

It has long been known that a current of steam sometimes 
exhibits electrical conditions. The invention of the Armstrong 
hydro-electric machine, was suggested by the circumstance of a 
workman experiencing a smart shock from a jet of steam coming 
in contact with one hand whilst the other touched the safety 
valve from which the jet issued. Faraday, who took up the 
question, proved that the development of electricity was solely 
due to the friction of the suspended humid particles against the 
sides of the orifice through which the steam passed ; and that 
it was in no manner due to the change in the state of the water 
in the boiler. He also showed that the same effect could bo 
produced from the friction of a current of humid air, and that 
electricity cannot be developed from a current of dry steam 
or air. 

Admitting that the presence of electricity in an ordinary 
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boiler is not iuipossible, it yet remaius to be shown that it 
could exist in a state of high tension, and yet, again, how it 
could bring about an explosion, accompanied by the usual well- 
known results. 

That a small quantity of steam might be decomposed in a 
boiler by coming in contact with plates that have accidentally 
become red hot cannot be disputed, but that the decomposition 
could occur to any considerable extent with oxydised plates h 
well-nigh impossible. The hydrogen liberated by the decom- 
position is not explosive, and would require to be united and 
intimately mixed with its equivalent of oxygen, and then ig- 
nited to produce an explosion. 

Supposing the oxygen to be admitted with the feed water 
and that the ignition could be eflfected by red-hot plates or an 
electric spark, it still remains to be shown how the gases could 
possibly become so intimately mixed in presence of the lai^e 
body of steam and nitrogen present in the boiler as to form a 
detonating compound. Again, assuming that nearly all the 
steam could be decomposed, the hydrogen would only bum 
quietly in the presence of oxygen as it becomes liberated on the 
red-hot surface of the plates ; and in any case, its power to 
produce an explosion is extremely improbable. 

But to take the most extreme view of the case, and assuming 
the sudden formation of a vacuum within the boiler by the union 
of the two gases to take place, it is still by no means clear how 
the bursting of the shell would follow in consequence, as tho 
vacuum formed could only be local and insigniQcant with a 
large quantity of steam and nitrogen in the boiler. 

With respect to the superheating theory, the modiis operandi 
is usually supposed to be something like the following. The 
plates are allowed to become intensely heated by the water level 
falling too low or from other causes, and communicate their 
heat to the steam in the boiler. On the water being agitated 
and carried aloft as spray, by the action consequent upon the 
sudden opening of the steam stop valve, safety valve or feed 
inlet, a large quantity of steam is produced and the pressure 
suddenly raised above the resisting power of the boiler. That 
the steam might become highly superheated, and the water in 
a divided state might be brought into contact with it cannot be 
disputed. But when we consider the condensation that would 
take place, and the small total quantity of heat contained even 
in a large volume of steam, sufficient additional pressure could 
not be produced to burst a boiler with a reasonable mai^gin of 
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Atrecgth. The increase of pressure can be calculated as follows : 
In a boiler working at 60 lbs. and having a steam space of 180 
cubic feet, suppose the steam to be raised in temperature or 
superheated from 307^ to 800^, the volume would be increased 
in the ratio of 1 + (0 00203 x 275) : 1 -4- (0-00203 x 768), or 
of 1*56 I 2*56. If the same steam pressure is maintained in 
the boQer the weight of steam, which in the first instance was 
31 '5 lbs. will be reduced to about 20 lbs. This quantity of 
dry steam will have about 18000 uuits of latent heat, and in 
falling from 800° to 307^ wiU render 20 x 0-480 (800 - 307) = 
4732-8 units of sensible heat available for raising steam sud- 
denly, or only an amount competent to generate % quantity of 
steam from water at 307^, equal to about one quarter of that 
already in the boiler, which would cause a rise of pressure equal 
to 15 lbs. only. The pressure might also be augmented at the 
same time by the water coming in contact with the red-hot 
plates : 30 square feet of f " plates heated to a temperature of 
900^ would give 450 x '114 x (900 -307) = 30421 units of 
heat in the plates available for sudden evaporation, or sufficient 
heat to convert about 34 lbs. of water or i cubic foot at 307 ** 
iato steam. As the 180 cubic feet of steam weighed 31*5 lbs. 
the pressure will be increased by 71 lbs., whence we have a 
total pressure of 60 + 15 + 71 = 146 lbs., which certainly might 
be sufficient to cause an explosion, if the steam were suddenly 
generated, or more rapidly than it could escape. 

But the conclusion arrived at from general experience, and 
from experiments expressly .undertaken by Mr. Fletcher and 
others to solve this question, is that a large quantity of steam 
cannot be suddenly generated by throwing water on to red-hot 
plates. Severe overheating of boiler shells or furnace tubes will 
start the riveted joints, and offer a further means of escape for 
the steam as it is formed. 

Explosions from overheating are more likely to be produced 
by the softening and yielding of the plates at the ordinary pres- 
sure, or by the sudden contraction of the plates on having 
water thrown on to them, than by any sudden augmentation 
of pressure, the production of which is entirely hypothetical. 
Beyond a certain quantity, the larger the body of water thrown 
OD to a given weight of red-hot plates the less will be the 
amount of steam formed. It may also be remarked that in 
ordinary boilers, where the feed inlet is near the bottom, sud- 
denly turning on the feed water will not scatter it over the hot 
plates near the working water level, where overheating is most 

M 
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likely to occur, but the water will gradually rise up the 
Bides. 

The Leidenfrost phenomenoD, as it is called, or the tendency 
of small quantities of water, when thrown on to highly heated 
plates, to assume the spheroidal condition, and to evaporate 
suddenly on coming in contact with the plates when the tempe- 
rature is lowered, has been often adduced as a cause of explo- 
sion. The exact application of this theory is, however, by no 
means clear, and the assumed delay of the water in evaporating 
is antagonistic to the sudden-evaporation-from-overheatiug 
theory. It is difficult to see how the evaporation by ebullition 
of a large quantity of water in an ordinary boiler could be long 
delayed, as is assumed in this theory, without reducing the 
temperature of the water below that sufficient to produce an 
explosion. 

Slight reports in the region of the furnace have sometimes 
been heard previous to the gradual bulging of the furnace plates 
from overheating in boilers containing very greasy water. 
These have been ascribed to the water assuming the spheroidal 
state, but there is no reduction of the temperature in such 
cases to account for the sudden evaporation of the supposed 
spheroids. It may be said of this theory that the conditions it 
assumes cannot be proved to exist in an ordinary overheated 
boiler, and that we have no means of knowing whether they 
would be competent to produce explosion if they did exist. 

There is reason to believe that the tendency of greasy water 
to cohere and resist ebullition through not touching the plate ^, 
or, in other words, to become spheroidal, is more likely to be 
the cause than the effect of the overheating of furnace plates. 

When the air usually contained in water has been expelled 
oy boiling, the water, if kept perfectly quiet, can be heated 
from 70° to 80° beyond its ordinary boiling point without any 
sign of ebullition ; but, on the slightest disturbance or agitation 
of the water so superheated, a large quantity of steam is sud< 
denly formed. If the pressure above is at the same tima 
reduced, as by drawing off steam, the rush of newly formed 
steam will carry the water before it with great force against the 
boiler crown. It is probably this action that produces the 
concussion sometimes felt when standing on a boiler whilst the 
steam is suddenly drawn off on starting the engine. Under 
certain conditions the sudden generation of steam might pro- 
duce a pressure above that at which the safety valves are set to 
blow off, and this, together with the force of impact migiit 
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bring about the explosion of a very weak boiler, but not of one 
haying a proper margin of strength. 

The practice of ascribing steam-boiler explosions to obscure 
causes has been productive of much mischief, as it engenders a 
carelessness on the part of owners and attendants, who have 
been led to believe that no amount of care will avail against the 
mysterious agents at work \vithin a boiler. 

Considering the too frequent want of care and knowledge on 
the part of those having the charge of boilers, and the great 
number of dangerous defects that are almost daily discovered 
by trained inspectors, the mystery to be solved is — how so 
many boilers escape explosion at the ordinary working pressure, 
and not, — what has been the cause of the dbaster when an 
explosion does occur ? 

The reader will find much valuable information about the 
causes and prevention of boiler explosions in the monthly 
reports of Mr. L. E. Fletcher, Chief Engineer of the Man- 
chester Steam Users' Association ; and in the annual reports of 
Mr. E. B. Marten, Chief Engineer of the Midland Steam Boiler 
Inspection and Assurance Company ; of Mr. B. B. Longridge, 
of the Boiler Insurance and Steam Power Company ; and of 
Mr. Hiller, of the National Boiler Insurance Company. 



CHAPTER Xin, 
COMBUSTION OF COAL. 

CoMBasTioN is the name given to any rapid chemioal union 
attended with great heat and light The combustion that 
takes place over our fire grates and gas burners, is the chemical 
combination of oxygen with carbon and hydrogen. The oxygen 
is supplied by the air where it is associated with nitrogen, from 
which it readily separates. The carbon and hydrogen are pre- 
sent in the fuel and gas, and on being sufficiently heated by 
the application of a light or other well-known means, the 
attraction between them and the oxygen becomes strong enough 
to cause them to combine with it. The application of heat is 
necessary to start the process of combustion, which is simply 
one of rapid oxidation ; but the chemical change afterwards 
produces more than sufficient heat to carry it on. The pro- 
duction of heat by combustion is usually ascribed to the impact 
of the atoms of oxygen against those of the other combustible, 
as they clash together on entering into chemical combination. 

The amount of heat produced by the combustion of different 
bodies, or their total heat of combustion, has been approxi- 
mately determined by experiment, and is usually expressed in 
pounds of water raised 1** Fahrenheit (or conversely, in number 
of degrees 1 lb. of water is raised) by 1 lb. of substance com- 
bining with oxygen. The standard unit of heat in this country, 
or British thermal unit, is the quantity of heat that will raise 
1 lb. of water V Fahrenheit at its greatest density, which is at a 
temperature of 39-1°. 

All substances combine chemically in certain proportions 
only, both by weight and volume, which are called their 
chemical equivalents. The equivalents by weight and volume 
of the elements and compounds with which we are concerned, 
are given in the annexed table, from which the combining pro- 
portions of the combustible substances can be readily calculated. 
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The condensation of the elementary bodies by chemical com- 
bination is shown in the fourth column. The elements in atmo- 
spheric air are not chemically combined. Carbonic oxide is not 
formed directly from the union of the elements carbon and 
oxygen, but from the union of the compound carbonic acid with 
oxygen. 

The volume of a given weight of gas at any temperature, can 
readily be ascertained from the sixth column as follows : — ^Let 
V = volume at 62% and V = volume at any required tempera- 



ture*', then V' = V (:l5i:?±?lV 
V 523-2 / 



Carbon, almost the only element contained in good coke, and 
the principal element in coal, combines with oxygen to produce 
two different gases, according to the proportions in which the 
combination is effected, viz., carbonic acid when the combustion 
is perfect, and carbonic oxide when the combustion is incom- 
plete. The acid is composed of one equivalent by weight of 
carbon (Cj ^) and two of oxygen (Ojg), or 1 lb. of carbon com- 
bines with 2f lbs. of oxygen and forms 3 J lbs. of carbonic acid 
gas. The carbon which is solid in the fuel passes during 
combustion into the gaseous state. The volume of the carbonic 
acid gas is equal to that of the original 2§lbs. of oxygen, 
and the quantity of heat produced by the combination is 
14,500 units, as given in the table on page 251. This would 
be the amount of heat from the combustion of every pound 
of carbon in the furnace, if completely consumed ; but, should 
the layer of incandescent coke or carbon be thick in proportion 
to the quantity of air supplied through the fire grate, the 
oxygen of the carbonic acid will recombine with another 1 lb. 
of carbon, and form 4J lbs. of carbonic oxide gas. By this 
second combination the volume of the gas is doubled, and a 
large amount of heat is rendered latent in performing the 
interior work of expanding the gas and converting the solid 
carbon into vapour. The heat produced now falls from 
14,500 units to 8800 units, the amount due to the imperfect 
combustion of 2 lbs. carbon, showing a loss of sensible heat 
equal to 5700 units. When the combustion stops at this 
stage for want of air, the loss of sensible heat and waste of fuel 
is evidently very great. But when a sufficient supply of fresh 
air is at hand, the 4| lbs. of oxide recombine again with an 
additional 2| lbs. of oxygen, making 7^ lbs. of carbonic acid 
gas. The volume is hereby reduced to that of 5^ lbs. oxygen, 
and the 5700 units of latent heat are rendered sensiblci th« 
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total quantity of heat due to the last combination being 8800 
+ 5700 + 14,500 = 29,000 i- the amount due to the perfect 
combustion of 2 lbs. carbon. 

The total heat of steam at atmospheric pressure being 1178*1, 
1 lb. of carbon should convert 

,,^f^f^^ =12-91 lbs. of water at 62' 
1178 1—62 

into steam of atmospheric pressure. 

This is assuming a perfect evaporative efficiency, and all the 
heat to be utilised. The best results in practice, however, fall 
far short of this. In locomotive boilers, where the best coke, 
consisting almost entirely of carbon is still, although rarely, 
used, the maximum evaporation under favourable conditions 
may be taken at 9 '5 lbs. of water from 62% showing a loss of 
about 20 per cent of heat. The reason of this will be shown 
below. 

Hydrogen is not supplied in the free state to our furnaces, 
but is usually present as a component of the hydrocarbons, 
such as pitch, tar, defiant gas, <bc. contained in the coaL 
Two equivalents, by weight, of hydrogen (Hg) combine with one 
of oxygen (O^ g), or 1 lb. of the former with 8 lbs. of the latter, 
and form 9 lbs. of water which pass off in a state of vapour. 
The quantity of oxygen is, in this case, three times as much as 
we had for the carbon. By volume, two of hydrogen combine 
with one of oxygen, the resulting aqueous vapour having the 
fcame volume as the hydrogen. Its calorific power being 
62,032 units, we have then by 1 lb. of hydrogen — 

^^'^^^ = 55 -58 lbs. of water at 62' 

1178 -l**— 62 

converted into steam of atmospheric pressure. 

When hydrogen and oxygen are present in the fuel in the 
the proportions to form water, they combine as such, and do 
not increase the heat of combustion ; but, along with any other 
water that may be present, act injuriously in reducing the 
temperature of the furnace by absorbing a considerable amount 
of heat by their conversion into vapour. In order to ascertain 
the heating power of hydrogen contained in any fuel along 
with oxygen, we have to subtract one part by weight of the 
former, for every eight parts of the latter, and consider only 
the surplus hydrogen as having any heating power. 
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The hydrocarbons are the first constituents of coal acted 
upon by the heat of the furnace, and jmss readily into the 
gaseous state which they must assume before they are burnt. 
To the volatile nature of the hydrocarbons is due the flaming 
property of the coals containing them. 

The different kinds of coal such as non-bituminous or anthra^ 
cite, slightly bituminous or anthracitic, semi-bituminous, and 
bituminous, of which an analysis is given in the annexed table^ 
can be distinguished by their appearance, but the character 
of different varieties of each kind cannot always be determined 
by the colour, lustre, cleavage, &c., as many suppose. 

The Anthracite, or hard stone-like coal of South Wales, is 
lustrous in appearance. It is diflScult to bum, requiring a very 
strong draught, high temperature, and considerable atten- 
tion. When dry, it bums without flame or smoke, like coke, 
since it contains no hydrocarbons, and, although it gives out 
an intense local heat, it is not adapted for burning in a steam 
boiler furnace, and is consequently little used as a steam coal. 

Slightly bituminous, or Anthracitic coal, found abundantly 
in South Wales, contains a small amount of hydrocarbons, and 
is, for many kinds of boilers, decidedly the best steam coal we 
possess. No further proof of this is required than the large 
price it fetches for marine boilers, where semi-bituminous coal 
of good quality is to be had at a much cheaper rate. It is a free 
burning coal, usually with a short flame, and requires little atten- 
tion. It swells considerably, and falls rapidly to pieces in the 
furnace, but does not cake, and the best qualities yield but 
little clinker and ash. It is often called smokeless, but most 
of the best qualities emit a light vapoury smoke. It will 
not bear rough usage, and crumbles rapidly after long exposure 
to the atmosphere, which circumstance, together with the 
quantity lost in some descriptions by falling through the fire 
bars in consequence of its decrepitation by the heat, causes a 
large waste, often equal to 15 per cent. In consequence of 
this it is often advisable to mix this with a harder kind of 
coal, to enable the dust to be utilised. The small amount 
of skill and attention for smokeless and economical firing it 
requires when compared with most kinds of semi-bituminous 
coal, is actually the circumstance to which its greater value is 
due. 

The semi-bituminous coal containing a considerable, but 
varying amount of hydrocarbons, is more used than any other 
kind for steam boilers. Some descriptions are free burning. 
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whilst others cake very much ; all of good quality bum easily 
mth an ordinary draught, and emit a considerable amount of 
smoke unless special care is used to prevent it. 

The best steam coals of this class are choeen for their small 
amount of ash and clinker, hardness, and nOn-caking quality, 
which tend to diminish the attention required to burn them 
economically. The properties of semi-bituminous coal Tury 
considerably, and it is almost impossible to tell the quality from 
the appearance, apart from such defects as are indicated by the 
presence of stone, iron pyrites, or other foreign matters^ 
Many rich, small, hot coals that are not suitable for boilei 
furnaces when used alone, owing to their tendency to cake, can 
be successfully burnt if mixed with a harder free burning coal ; 
and, indeed, the best results both in evaporation, speed, and 
economy, are to be obtained by a judicious mixing of two or 
more properly selected descriptions of coaL Bituminous coal 
contains more tarry matter than the above, and is best utilised 
for gas making. 

The kind of coal containing the largest amount of bitumen, 
of which the Boghead Oannel may be taken as a type, although 
rather an extreme one, being regarded by some as not being a 
coal at all, is without lustre, of a greyish or brownish black 
colour. It yields a very large quantity of ash and clinker, and 
is not suitable for steaming. It is employed almost exclusively 
for gas making, for which the large amount of contained hydro- 
carbons renders it most suitable. 

Coke is the solid carbon and other material left after the 
volatile ingredients are driven off by partial combustion in coke 
ovens, or by slow distillation in flue retorts. The former is 
much the best for boiler fueL Much small semi-bituminous 
caking coal, rich in carbon, but which would be comparatively 
worthless for boiler furnaces, forms into large pieces in the coke 
ovens, and becomes a valuable coke for locomotive boilers. 

Some patent fuels are also made by compressing into moulds 
and heating in retorts, small coal of good quality, that would 
otherwise be wasted. Jt is thus formed into compact solid 
blocks, without the expulsion of the hydrocarbons. Pitch 
or other combustible substances may be added when the coal 
does not contain a sufficient quantity of bituminous or pitdiy 
matter to make it cohere properly. 
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The total heat of combustion of a substance such as coke or 
coal cai^ be found by taking the sum of the quantities of heat 
which are given by the combustion of its componenjb parth 
taken separately. If we take, for example, the quality of 
coke given in the above table, we have for the total heat of 
combustion when completely burnt ^94 lb. carbon x 14,500 ~ 
13680 units. This does not, however, give us the temperature 
of the resulting carbonic acid. To find this, the heat of com« 
bustion must be divided by the total weight of the gas multiplied 
by its specific heat, which we assume here to be constant at all 
temperatures. We have also to consider the loss of tempera- 
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ture due to the absorption of heat by the nitrogen, which forms 
the principal bulk of the air for combustion. 

Weight of oxygen = 2 51 Iba. 
„ nitrogen := 8 '816 lbs. 



11 -326 lbs. of air. 

Carbonic acid 3*45 lbs. x '216 = '745 
Nitrogen . 8 82 lbs. X -244 = 2 15 2 



2-897 

Therefore elevation of temperature above atmosphere 
13630 



•2-89 



= 4716° Fahr. 



For the more complicated process of combustion, when coal is 
burnt, let us examine that of 1 lb. of average Newcastle coaL 
Here we have — 

Carbon ^ '821 lbs. 
Hydrogen = '053 lbs. 
Oxygen = -057 lbs. 

Making allowance for the water due to the presence of the 
oxygen and hydrogen together we get — 



Hydrogen = T 053 -ij = 



046. 



The quantities therefore stand — 



Carbon = -821 lbs. 
Hydrogen = '046 „ 
Water 

Carbon -821 x 14500 ~ 11904 units of heat 
Hydrogen '046 X 62032 = 2853 „ 



14758 units of heat = 
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total heat of combustion — 

Oxygen required for O^ = 2-18 ibs. 
„ „ H^O = -368 Iba. 

Total oxygen consumed = 2 '54 8 lbs. 

Associated oitrogen in air . = 8*918 lbs. 

Total quantity of air consumed . = 11*466 lbs. 

Resulting carbonic acid . . . 3 lbs. x '216= '648 

( Water in coal . . '064 ") 

Steam/ „ from hydrogen V478 lbs. x '480 = -229 

( burnt • . •414j 
Nitrogen 8 018 lbs. X '244 = 2176 

3 053 

To find the elevation of temperature ia this case we must 
deduct the latent heat in the steam from the total heat of com- 
bustion, when we get — 

14758 - (966- X - m)^ 43320 = elevation 
3 053 

of temperature above the atmosphere. 

We find from the above results that the total heat of com- 
bustion of coal compared with that of coke is greater, whilst 
the elevation of temperature of the products is less. This is 
owing to the heat absorbed in raising the temperature of the 
increased quantity of air required in burning coal, and also in 
consequence of the heat rendered latent in evaporating the 
water in the fuel. The respective temperatures here assigned 
are never realised in practice, owing to the cooling effect of the 
unbunit air, plates and material in the furnace. The quantity 
of heat absorbed by the ashes and other ingredients in the fuel, 
which is however comparatively small, should also be taken into 
account in estimating the exact temperature due to the combus- 
tion of any fueL 

The theoretical amount of air required for any given fuel 
depends upon the chemical composition of that fuel, and may 
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be obtained by the following formula where A = weight of air 
required — 



A = 12 C + 30 



(-0 



For nil kinds of coal and coke the minimum weight of air re- 
quired may be taken at 12Ib8. per lb. of fuel, the variation on 
cither side of this quantity being immaterial. 

It must not, however, be assumed that coal or coke can be 
properly burnt in a boiler furnace with anything like so small an 
h mount of air as this. Since carbon cannot be economically burnt 
iu the presence of the carbonic acid formed, this gas must be 
diluted with a considerable quantity of oxygen or air to be 
ready for combustion with the carbon it meets with. This 
necessary reserved quantity of air for dilution will vary iu 
amount according to the manner of its distribution, and the 
velocity with which it is forced amongst the burning fueL 

When the pieces of coal are small and of a caking nature 
they form into a large solid mass over the bars, restricting the 
passage of air to a few spaces, especially when the draught is 
moderate, and a large amount of oxygen passes in consequence 
unbumt through the fire. When the draught is severe good 
coking coal can be burnt with a good result, and some descrip- 
tions of this coal are highly prized by those who know how to 
use them. With slightly bituminous or semi-bituminous non- 
caking coal in large or small pieces the bulk of air pas8e^I 
through the grate is more or less minutely divided, and more 
favourably diffused for combining with the carbon. 

From various experiments conducted under different circum* 
stances it appears that for an ordinary chimney draught the 
weight of air required for dihition may be taken as equal to 
that required for combustion. This gives us 24 lbs. as the 
quantity of air required for each pound of fuel. But when the 
air is driven with great velocity by a strong draught amongst 
the burning fuel the combination with the oxygen is more 
readily effected, and a smaller quantity of air is required. With 
very powerful chimney, or artificial draught, the weight of extra 
air required is found to be considerably less than the above, and 
may be taken as one and a half the minimum quantity, making 
18 lbs. per lb. of fuel. 

In burning semi-bituminous steam coals a considerable quantity 
of fresh air is required for combining with the hydrocarbons 
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above the layer of coal, and maat be admitted directly to the 
gases either at the furnace front or at the bridge, or, which is 
perhaps better, at both, unless the furnace is specially designed 
for air admission to the sides or middle of the space above the 
fuel Whichever plan is adopted too great care cannot be 
taken to admit the air in small jet3 by perforations or other 
means, especially when its direction is parallel with the current 
of gases. This ensures a better mixing, and prevents to a very 
material degree the undesirable cooling effect of introducing a 
large volume of cold air in one place, which is liable to defeat 
the end for which it is introduced. 

As the chemical action between the fuel and the oxygen can 
only take place when the two are in intimate contact, the 
rapidity and completeness of combustion and intensity of heat 
will be increased by increasing the number of points of contact, 
or by reducing the size of the pieces of fuel. The ultimate con- 
clusion to be drawn from this is that coal should be used as 
dust, or, still better, as gas, in order to afford the greatest 
facilities for perfect combustion. No doubt this conclusion is 
theoretically correct, and the latter mode will in time be brought 
largely into practice. The principal difficulty in the employ- 
ment of these methods, especially the former, is to arrive at 
and apply successfully the proper quantity of air for admixture. 

With boilers having a good chimney it is usual to have a 
damper for regulating the draught or altering the quantity of 
air admitted. For every description of boiler the most econo- 
mical rate of air admission will depend upon the general and 
detailed arrangement of furnace, quality of coal, ratio of grate 
area to effective heating surface, &c. When this rate is 
exceeded, or, in other words, when the fire is forced, it does 
not of necessity follow that a large amount of unbumt oxygen 
will escape to the chimney. Whether this will take place or 
not will depend upon the distribution and thickness of coal on 
the grate, facility afforded for mixing the air with the gases ae 
they leave the furnaces, and amount of air introduced other- 
wise than through the fire bars. It may happen, as indeed it 
usually does with skilful firing, that the quantity of free oxygen 
in the chimney decreases as the force of the draught is increased, 
since the quantity of the coal properly consumed increases still 
more rapidly, in consequence of the moro intimate contact 
with the oxygen caused by the more rapid draught. 

The evil of forced firing is generally to be found in the fact 
that the increased velocity of the gases diminishes the efficiency 
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of tho heating surface, as will be shown below, the quantity of 
heat extracted by the boiler depending upon the length of time 
the products of combustion are allowed to be in contact with 
the absorbing surface. 

Should, however, the volume of nnbumt air discharged into 
tho chimney increase with the forced firing the result will bo a 
waste of heat equal in amount to that absorbed by the increased 
quantity of air admitted, in addition to the loss due to the in- 
creased velocity of the gases. 

When the supply of air is too small imperfect combustion is 
the result, causing either smoke or the formation of carbonio 
oxide, or both, according to the nature of^he fuel and distribu- 
tion of the air. The loss of heat owing to the formation of 
carbonic oxide is frequently 25 per cent, of the whole amount 
due to the most economical supply of air. The carbonic oxide 
is invisible, but its presence is sometimes revealed, especially in 
coke burning, when on opening the fire door it burns with a 
blue flame, as it becomes ignited by contact with the cold fresh 
air. When burnt with oxygen at a high temperature the colour 
of the flame is yellow. 

Dry carbon burns without flame. When flame is seen above 
a coke or charcoal fire it is caused by the burning of carbonic 
oxide, or of hydrogen, which has found access to the fire either 
in the moisture absorbed by the fuel, or from some steam or 
vapour passing through the bars with the draught. 

If we take the actual quantity of air required for burning* 
coke as .|, and that for semi-bituminous coal as double the 
theoretical quantity, we shall find the elevations of temperature 
to be respectively 3215^ and 2478% the total heat of combub- 
fcion being as above 14630 units and 14758 units. 

The distinction is here seen between the total heat of com- 
bustion and the temperature of the products of combustion, or 
between the quantity and intensity of heat, the latter being 
much greater in fuel containing little or no hydrogen, although 
a less quantity of heat is produced. The cause of this is 
evident : in burning, carbon requires for its perfect combustion 
but one third the weight of oxygen or air required by an equal 
amount of hydrogen, producing a corresponding small weight of 
carbonio acid, compared with the steam produced by the com- 
bustion of the hydrogen. Again, the specific heat of carbonio 
acid gas is less than one-quarter that of steam, and it is upon 
the weight and specific heat of the products of combustion that 
their temperature depends as well as their total heat of com- 
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bustion. Moreover, in bumiDg dry carbon or coke, there ia 
but little or no steam to render latent any of the heat. 

Bnt the intensity of the heat given out by a piece of coa) 
during its combustion will be proportionate to the rapidity with 
which it bums. The element of time is therefore of great 
importance in considering the heating effect of any given kind 
of fuel. The theoretical intensity of heat of two different 
qualities of coal, calculated from their chemical analysis, might 
be nearly alike, yet, with the same ordinary draught one kind 
might be a quick buruiog ** lively " coal, of loose structure, 
developing an intense heat during its rapid combustion in a 
boiler furnace, whilst the other may be very compact and slow 
burning, the heat developed not being intense compared with 
the first. The calorific intensity of slow burning coal' is 
diminished by the loss of heat that takes place by conduction 
and radiation. 

Although the combustion of hydrogen produces the largest 
amount of heat of any known combustible under favourable 
conditions, the large quantity of air required for its combustion 
iu an ordinary boiler furnace renders the attainment of a high 
temperature by it impossible. 

The reason is thus obvious for making coal into coke and 
wood into charcoal when a very high temperature is required. 
A given quantity of coal properly burnt, and where the heat is 
all utilised, will evaporate more water than the same weight of 
coke, but twenty times the weight of ooal cannot in practice be 
made to produce the same temperature that is produced by th9 
coire, and this is why it is so valuable for smeltiug purposes 
where an intense heat is required and where the products of 
combustion are brought into contact with the material to be 
heated. 

The following are the temperatures T produced by the perfect 
combustion of 1 lb. of substance with its minimum quantity of 
air, and T' the temperature of 1 lb. with oxygen without 
nitrogen : — 

Hydrogen;T = ^ e2032-(966° x 9) .ygy ^ T' = 1 2846' 
' " (28 X -244) + (9 X -480) 

Carbon: T =■ ^^^^^ = 4723' <fe T' = 18308° 

(3 67 X -216)+ (9-33 X -244) 
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• CarboDic Oxide : T .^ . i^^- = 6233' 

(1-67 X -216) 4- (2 X -244) 

and T' = 12738° 

defiant Ga8:T=,,-,-^^_ 21?^- -iff X 1^)^^ 
(3 145 X '216) + (1.287 x '48) + (12 x -244) 

The flame of a fire is usually not so hot by contact as the 
incandescent fneL With many anthracite coals which require 
a strong draught and a high temperature for their combustion, 
the intense heat is concentrated near the fire bars, rendering 
them liable to waste. In order to prevent this the method has 
been employed of placing water beneath the fire grate, which on 
evaporating passes through the fire above, and is decomposed 
into its constituent oxygen and hydrogen. The latter, on 
burning with fiame, distributes the heat better through the 
furnace, and renders it more effective for heating crucibles or 
other articles, only a small part of which are brought into contact 
with the incandescent coal. 

In practice, the whole available quantity of heat produced in 
a boiler furnace is never utilised. There is usually a large 
amount lost by radiation, which will depend upon the arrange- 
ment, condition, and material of the furnace, and may be taken 
as a rule at from 5 to 10 per cent. The amount of heat lost 
by the hot ashes, clinkers, and fuel falling through the bars 
varies from 1 J to 15 per cent. In ordinary practice it may be 
taken at 10 per cent. There is a large amount, seldom less 
than 25 per cent., wasted by the gases escaping at a high tem- 
perature, from 400° to 700*^ into the chimney. The total 
amount available for evaporation is therefore but 60 per cent. 
in the best average practice with internally fired boilers. The 
average amount utilised in externally fired boilers is only about 
50 per cent. 

In using coal containing a large amount of hydro-carbons, a 
great loss often occurs by their escaping unburnt. With care 
this loss may be, to a great extent, avoided, yet some authorities 
estimate the evaporative power of various classes of coal by the 
amount of fixed carbon they contain. 

Taking the temperature of the escaping gases on leaving the 
boiler to be the same for coke and coal, say 600" or 538° above 
the atmosphere, which is the average temperature to ensure th3 
best draught we have for coke, with -J air for dilution, 538** x 
4.24 = 2281 units of heat ; and for coal, with 2 air for dilutinn, 
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638" X 5*77 = 3104 units. These are equivalent to an evapo- 
ration at 212° of 2*3 and 3'21bs of water respectively per 
pound of fuel. 

This shows that there is a greater loss in the escaping gases 
from the combustion of coal as compared with that of coke, on 
account of their greater weight and specific heat, and the heating 
surface should therefore be made proportionately greater, or the 
grate area less, to obtain the same evaporative efficiency, other 
conditions of eyaporation being equal in both cases. 

Apart from indicating the presence of ash, sulphiur, and 
other deleterious ingredients, and the decided scarcity, or other- 
wise, of hydrogen and oxygen, the ultimate composition of any 
description of coal affords but little assistance in determining 
its value for different purposes. Nearly the same quantities of 
elements in different coals may arrange themselves before and 
during combustion, so as to produce very different series of 
compounds. Ansdysis shows but slight difference in the 
quantities of the ingredients present in the best house, steam, 
coking and gas coals of the semi-bituminous and bituminous 
kinds, and yet the difference in the comparative quantities of 
coke and gas they yield is very great. It is only by actual trial 
under different conditions of combustion that the value of any 
kind of coal can be ascertained. Nor can the theoretical 
calorific value deduced from the chemical composition be taken 
as a certain indication of the evaporative value attainable in 
practice. No doubt evaporative results from various kinds of 
coals bearing the same proportion to their theoretical calorific 
power can be obtained by carefully constructing and managing 
the furnace and boiler to suit the coal to be burnt ; but of two 
kinds of coal giving about equally good evaporative results 
when burnt to their best advantage, that requiring the least 
amount of attention in firing will naturally be most highly 
prized. 

Numerous experiments, with conflicting results, have been 
conducted by the rival North country and South Wales coal- 
owners to determine the comparative value of the steam coals 
from their respective districts. The most trustworthy results 
of these experiments are given in the annexed table. These 
were obtained under conditions favourable to the combustion 
and absorption of heat from the best descriptions of each kind 
of coal, which prove that there is but little difference in their 
evaporative value, when the hydro-carbons of the semi-bitumi- 
nous North country coals are properly and effectively consumed ; 
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Comparative resvlts of the trials of the Northumberlaiid, Welsh, 
and South Lancashire and Cheshire Coals, 
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tliesa are more combustible or bum more "lively" than the 
best slightly-bitumiuous or best steam coals of South Wales, 
and are therefore superior in rapidity of combustion and evapo- 
rative velocity per foot of fire grate, or, in other words, can 
raise more steam in a given time. When speed of evaporation 
is a desideratum, the semi -bituminous coals have a decided 
advantage over their rivals. They are also about 50 per cent, 
harder to rosiest hammeiing and rough usage than the others, 
which, when broken by a hammer, splinter into fragments 
whilst the semi-bituminous coals merely break through their 
lines of cleavage. 

These experiments prove that with care, semi-bituminous 
coals of good quality can be burnt without any smoke, and that 
their evaporative power is increased when the formation of 
smoke is properly prevented. 

The results obtained in the expeiiments by dint of great 
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tsae and skill ia firing and arranging the furoace for each kiod 
of ooal are oonsiderably higher than are attained in ordinary 
work, and more especially in the case of the semi-bitnminous 
coal, where the necessary attention required for economical 
smoke prevention cannot always be counted upon. The soot 
deposited from the flame of these coals soon forms a coating 
over the heating surface, which cannot be removed so frequently 
in actual work as during a series of experiments, and speedily 
impairs the steaming power of the boiler. Forcing the fires 
then becomes necessary, unless there be a large margin of boiler 
power, and both smoke prevention and evaporative economy 
become well-nigh impossible. The facility offered by good 
North country coals for rapid combustion tends greatly to cause 
carelessness on the part of the fireman, and it may be questioned 
whether their great combustibility is always an advantage, 
leading as it does to wasteful consumption ; the required evapo- 
ration being maintained by ^' blazing away '* the coals^ instead 
of close attention to the stoking and keeping a well-spread 
and clean fire. 

With the same description of boiler and furnace the heat of 
the escaping gases, when long-flaming semi-bituminous coals are 
burnt, is likely to be higher than when coals having a shorter 
flame are used. With the former the generation of the heat is 
spread over a greater length of surface by the long flame, and 
has consequently a shorter run for its absorption. In the latter 
case nearly all the heat at a very high temperature is generated 
on the bars, and can be taken up by the greater length of 
surface it has to traverse. For this reason shorter grates are 
required in burning semi-bituminous or long flaming coal than 
for a coal containing a less quantity of volatile ingredients, such 
as the South Wales steam coal, in order to obtain the same 
evaporative economy. This has been proved by numerous 
experiments, and also that the provisions for air admission and 
mode of firing best adapted for one kind of coal may be totally 
unfitted for another kind. The type of boiler and furnace should 
always be adapted to the kind and quality of ooal to be em- 
ployed. It is no exaggeration that boilers and furnaces can be 
selected which would give 50 per cent, higher duty with one 
kind of coal than with another, whilst in other boilers the 
superiority might be reversed. 

In conducting competitive coal trials in any given locality the 
coal that has been carried the greatest distance is likely to be in 
the worst condition for testing. South Wales coal tested on 
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the Tyne is placed at a disadvantage with its rival, which can 
be procured fresh wrought from the pit, whikt at Cardiff the 
advantage would be on the other side. Owing, however, to 
the friable nature of the best Welsh steam coal, it deteriorates 
much more rapidly than its rival from the north, by shipment and 
transport, aa well as by lyiug in store exposed to the atmosphere. 



CHAPTER XIV. 

SMOKE PREVENTION AND FIRING. 

Tn consideriDg the rationale of smoke making and prevontion, 
it is advisable at the outset to explain what smoke really is, as 
there exists considerable misunderstanding on this point. 

When a fresh charge of semi-bituminous coals, such as ordinary 
North country house coal is thrown on to the fire, in sufficient 
quantity to prevent the immediate formation of flame, a volume 
of gas or vapour usually of a dark yellow or brown, or bluish 
black colour, as seen against the dark background of the fire- 
place, is given o£f. The quantity evolved will be greatest 
when the coal is very small. This gas, or vapour, is commonly 
called smoke, but it is not what is meant by that term when 
used in speaking of the smoke-nuisance, and does not deposit 
soot. The colour of the gas as it issues from the chimney will 
greatly depend upon the character and distance of the back- 
ground against which it is seen, upon the nature of the light it 
is seen by, whether it is transmitted or reflected, the former 
lending a yellowish, and the latter a bluish, tint. 

Against a dark background of brickwork or hills, it appears 
grey or blue ; against dark clouds, light brown or grey, or is 
not visible at all ; and against white clouds or a blue sky, brown 
or yellow, but never quite black, or like true smoke. 

If a sheet of white paper be held over the vapour as it 
escapes from the coal and there is no flame, the sheet 
will become slowly coated with a sticky matter of brown 
colour difficult to remove, and having a strong tarry or 
sulphurous smell. This colour and smell are due to the tarry 
matter, sulphur, and other volatile ingredients in the gas. 
Deprived of these colouring matters, the vapour is a carburetted 
hydrogen (chiefly defiant gas, and marsh gas), or a chemical 
mixture of hydrogen and carbon, and nearly the same as the 
colourless gas by which our houses are lighted. 

When the charge of coals and the escaping coloured gases 
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have attained a considerable temperatare, the latter can be 
ignited on the application of a light or by stirring the fire. No 
coloured vapour will now be visible above the flame as seen 
against the back of the fireplace, but if we hold a clean sheet of 
paper above the flame, we shall find along with a greatly dimi- 
nished amount of adhesive colouring matter a deposit of soft 
black smuts, or particles of carbon, diflerent in colour and 
nature from the other deposit. A chemical change has taken 
place, one result of which is the appearance of these carbon 
particles which were not visible before. The carburetted 
hydrogen gas on becoming ignited is converted into flame, or in 
i»ther words, by the aid of the heat the hydrogen of the gas ha& 
entered into chemical union with the oxygen of the air, pro- 
ducing flame and heat by their union and forming water, 
which passes off in invisible steam. At the same time, the 
carbon, which was present although invisible in the gas, has 
been liberated, and is partially consumed and partially deposited 
on the cold paper in minute visible particles. 

In an open fireplace where the surrounding temperature is 
low the ignition of the hydrogen, and consequently the forma* 
tion of flame is essential to the liberation of these carbonaceous 
particles which in their minute state are carried aloft by the 
ascending current of steam and gases, or are deposited as soot 
on the surfaces with which they come in contact. It is the 
volume of vapour and gases coloured by the carbon particles 
that forms smoke, properly so called. On issuing from the 
chimney these particles, if not carried away by their enveloping 
medium which is always of considerable volume (a ton of coal 
properly consumed giving off nearly half a ton of water), 
would fall at once as a cloud of light black dust. The colour oi 
the smoke will be light or dark according to the proportion of 
carbon particles present in the gases. 

The carbon contained in our lighting gas can be rendered 
visible, in a somewhat similar manner to the above, by pressing 
a cold white plate or saucer down upon a jet of burning gas. 
As the olefiant and marsh gases issue from the burner they are 
decomposed by the heat ; the hydrogen is partially separated 
from the carbon, and being more inflammable, burns first with 
flame, in which the carbon particles are highly heated. If 
sufficient oxygen can come in contact with the carbon while 
still at a high temperature, it will be burnt without smoke, but 
by cooling it with the surface of the plate before the combina^ 
tion is effected, the carbon is depmted as very fine soot. 
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Smoke may be formed even with an abundant snpply of 
oxygen at hand for combination -with the carbon, by cooling 
down the flame below the temperature necessary for igniting the 
carbon, before the union is effected. This may be done by 
surrounding the flame with a good conductor of heat at a low 
temperature. 

It would thus appear that the liberation of the carbonaceous 
particles, and consequently the appearance of true smoke takes 
place only after the formation of flame. This is true only so 
far as it applies to an open fireplace, or jet of lighting gas, 
where the temperature of the surrounding atmosphere is 
low. 

In close furnaces where a high temperature is maintained, 
the carbon may be liberated from the gases by the heat without 
the combination of the hydrogen, and consequently without the 
presence of flame, smoke or soot being the possible result, as 
in the other case. 

Smoke in all cases can be avoided simply by bringing a 
supply of fresh aur in contact with the carbon while it is red 
hot in the flame, or at a sufficiently high temperature to combine 
with the oxygen. The oomfainatiou passes off as invisible 
carbonic acid gas. 

What is required then is the presence of sufficient air and a 
sufficiently high temperature. In our domestic fireplaces, we 
usually have the former, but as a very small quantity passes 
through the bars, the great bulk is of a very low temperature, 
and steals away the heat before the chemical union of the 
carbon and oxygen can be effected. In a boiler furnace, on the 
other hand, there is always a sufficiently high temperature, 
unless the furnace be choked with fresh fuel ; but the supply 
of air, especially above the fuel, is too often wanting. The 
supply of air in sufficient quantity to the upper portion of the 
furnace, at the back, or front, or middle, or sides, is the object 
of all good plans for smoke prevention. 

A mode of getting rid of the smoke by consuming it was 
formerly frequently, and still is to some extent resorted to with- 
out the direct introduction of air to the hot gases. The smoke 
once formed, is allowed to mix with carbonic acid at a high 
heat, a second furnace being sometimes provided for the pur- 
pose, when the solid particles of carbon are dissolved *in the gas 
producing carbonic oxide. The result of this method is a 
considerable waste instead of a saving of fuel, although the 
appearance of smoke may be prevented. The plan might be 
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rendered economical by the introduction of a supply of fresh 
air at the right time and place. 

As flame is essential to the production of smoke at a lov7 
surrounding temperature, it is evident that if the hydrocarbons 
can be expelled without flame, and the temperature at the same 
time kept down, there will be no smoke. In order to carry 
this into practice it is only necessary to dampen the coals 
sufficiently with water or to mix with them some substance, 
such as bark, containiog moisture. The absorption of the heat 
by the fresh charge of coals and steam given ofl" along with the 
gases as well as its interception by the caking of the coal 
which is increased by this treatment, keeps the upper portion 
of the furnace at so low a temperature, that the hydrocarbons 
escape in the unburnt state, without the formation of real 
smoke, but at a great sacrifice of fuel and speed of evaporation. 

The prevention of smoke by this method is sometimes 
wrongly ascribed to the water introduced along with the coal, 
being decomposed by the heat, when the liberated oxygen is 
said to combine with the carbonaceous particles. But unfortu- 
nately for this theory, when the hydrocarbons do ignite, the 
presence of water seems rather to increase the quantity of 
smoke than diminish it 

As has been already observed, steam can be decomposed by 
passing it through a body of incandescent fuel, and the method 
is of service in some melting furnaces, but it is difficult to 
perceive how any economical advantage is to be obtained by 
applying it to boiler furnaces (unless it is wanted for making 
flame), where it is also likely to reduce the firebars very rapidly. 

Again, by regulating the draught, and by simply throwing 
on Bufficient coal to choke and cool the furnace, the ignition of 
the hydrocarbons can be prevented, but as they pass off ud- 
consumed, this method of smoke prevention is also very wasteful 
of fuel, besides having the disadvantage of making steam slowly 
and intermittently, especially when the coal is of a caking 
nature, since it cannot be stirred before the hydrocarbons have 
escaped. > 

Some plans to prevent smoke by dosing the damper and so 
reducing the draught at the time of firing have been tried, and 
have always failed, except where the formation of flame has 
been prevented. The draught should be increased instead of 
diminished for a short time after faring, in order to give the 
most economical result. 

With a view to obt'iate the chilling influence of the boHof 
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plates, which extinguish the flame ooming in contact with them 
before the combustion of the carbon particles ia completed, 
various plans have been tried for completing the combustion in 
fire brick reverberatory furnaces erected in front of the boiler. 

In furnaces of this kind there is often a greater loss of heat 
by radiation and conduction than in a furnace either inside of 
or directly underneath the boiler, and the extra cost involved 
in theur erection and maintenance not being compensated by 
&ny corresponding saving in fuel, operates against their general 
adoption. This plan of delaying the utilisation of the hoat 
until the combustion is complete is no doubt theoretically 
correct, but most attempts to carry it out in practice have 
failed in economy, probably owing to the loss of the radiant 
heat from the incandescent fuel 



The thickness of the fire and its mode of distribution on the 
grate must be regulated by the size, quality, and nature of the 
fuel, the force of the draught and the facilities for effective air 
admission. When coke and good-sized coals, containing a 
small proportion of hydrocarbons are used, sufficient air for 
perfect combustion can be made to pass through the fire bars 
with a good draught, provided that the fire, generally speaking, 
does not exceed 8" in thickness. With a forced draught, as in 
locomotive boileni, this thickness may be greatly increased, but 
it is dependent in a great measure upon the size of the pieces 
and character of the fuel 

By careful firing, and admitting a sufficient quantity of fresh 
air directly to the hydrocarbons, nearly any kind of semi- 
bituminous steam coal can be burnt without smoke. 

In using round semi- bituminous non-caking coal of the best 
quality, a fire in ordinary sized furnaces from 10" to 14" 
thick is the best for economical combustion, care being taken 
thai sufficient, but not too much, air is admitted for admixture 
with the combustible gases whilst they are still at a very high 
temperature. The best mode of firing most kinds of good smoky 
coal of this description is to pile it up on the dead plate, in order 
to allow the volatile ingredients to be expelled by the heat radiated 
and diffused through the furnace. These ingredients, mixing 
with an adequate supply of air entering through the provisions 
in the furnace door or front, ignite in passing over the hoi 
fuel, and are completely consumed. 

M 8 
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The mass pUed up at the door becomes gradually converted 
into coke and on being pushed forward over the fire at the nexs 
charge is burnt principally by the air which passes through the 
bars. Some furnaces require to be altered for the successful carry- 
ing out of this " coking " method of firing, which gives the 
most economical, though not the most rapid evaporation. Th( 
pieces of coal should not be introduced larger than the size ot 
a man's fist. The fire will require recharging every 20 or 30 
minutes, according to the draught, combustibility of the coal, 
and size of furnace. 

If the coal is small and cakes very much, this plan is not 
admissible, and regular firing with moderate charges at from 10 
to 15 minutes' intervals must be adopted. With two furnaces, it 
m best to fire alternately, and not one immediately after the 
other, in order to maintain as much as possible a steady 
evaporation, and to prevent a double volume of smoke appear- 
ing in case any should be produced. When the width of the 
furnace permits, it is also advisable in most cases to employ 
" side " firing, that is, to throw the coal on each side of tho 
fire alternately, always leaving one side bright, so as not to 
cool the whole furnace at once. This method is preferable to 
the *' spreading'' system which is commonly employed. There 
can be no doubt that this last is the best mode of firing for 
rapid evaporation, but it is the least economical and the most 
difficult for avoiding smoke making, unless very small charges 
at short intervals are introduced. 

The number of shovelfuls thrown on at each charge with both 
side firing and spreading firing will vary from 4 to 1 2, according 
to the size and quality of fuel, intensity of draught, and speed 
of evaporation required. 

In using small coals — slack, duff, pease, or beans, the gases 
are disengaged almost instantaneously when a charge is thrown 
on to a hot fire, and cause a difficulty of admixture with the air, 
even when a sufficient supply is present. The only way to 
prevent smoke when using slack, without wetting it, is to keep 
up an almost continuous firing with small charges in order to 
aid the mixing of air with the gases. With limited bofler 
power, however, this method cannot be successfully employed, 
as the cooling effect of the large and frequent volume of cohl 
air entering through the open furnace door checks the quick 
raising of steam, and even where the boiler power allows of 
this plan being carried out, the volume of air which passes 
mburnt is far too large to render the employment of such a 



FIBING. 269 

method oonsistent with a due regard for the economy of 
fuel. 

For the most eoonomical method of burniug slack without 
producing smoke, mechanical firing must bo resorted to. This 
enables a small and regular supply of fuel to be introduced 
without the admission of too much air ; in fact, the supply of 
air may by more than one method of mechanical firing be too 
much restricted, and cause a waste of heat by the production of 
earbonic oxide. This is, however, seldom the case and the error 
of having too thin and open a fire, which allows too much air to 
pass off unbumt, is the rule. 

The steady evaporation ensured by a good arrangement of 
mechanical firing is sometimes a serious objection to its employ- 
ment, where the quantity of steam required varies quickly and 
to a considerable amount. Another objection urged against 
most systems of mechanical firing is that the speed of evapora- 
tion is inferior to hand firing. This can in most cases be ob- 
viated by altering the rate of feeding, thickness of fire, and 
details of furnace. 

With good round coal, hand firing is preferable to any de« 
scription of mechanical firing, with respect to both rapidity and 
economy of eraporation, whilst very little skill is required for 
a satisfactory prevention of smoke when there is sufficient boiler 
power. 

The size of the perforations for the admission of air through 
the furnace front should not exceed ^" diameter, and the sum 
of their areas should not be less than 2" per square foot of fire 
grate, and in some cases requires to be as much as 5" per square 
foot of grate surface. 

Perforated dead-plates are sometimes used with advantage, 
and in many cases when the supply entering by the perforations 
is not sufficient for consuming the smoke, the furnace door may 
be left ajar for a minute or two after firing. 

As to whether the admission of air above the fire requires to 
be regulated for the different stages of combustion, there is a 
diversity of opinion. It is contended that as the largest amount 
is reqiiired when the gases are evolved immediately after firing, 
the quantity admitted, when constant, must be too great for 
the last stages of combustion if merely sufficient for the first, 
and a loss of heat must be the result. This argument applies 
with greatest force to the spreading system, where the requisite 
quantity of air after charging is greatest, and where the escape 
of the gases is soorest com^pleted. But when the coking system 
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is employed the evolution of the hydrocarLons is more gradual 
and continnes fi»r some length of time, during the whole oi 
which the admU^on of air is necessary. Experiments, recorded 
by Peclet, on a boiler with provi»ion8 for admitting air above 
the fuel, having an area of '16 the air space of the fire grate, 
showed that the quantity introduced through the bars imme- 
diately after each charge was very small ; that the quantity 
increased as the coal became converted into coke, and at the 
end of the interval between firing it was about four times as 
great as at the beginning. The quantity of air admitted by 
the openings above the fuel remained nearly constant. 

These results distinctly ishow that with any but the coking 
system of firing, the air admission above the fuel should only 
last until the hydrocarbons are expelled, that is, two or threo 
minutes after firing. 

With a constant admission of air to the upper part of the 
furnace, even on the coking principle, the speed of eviEiporation 
is usually dinunishcd, although smoke is prevented. This is 
y^hj so many engineers and firemen object to the plan of ad- 
Qjitting air above the fire. 

The difficulty caused by the diminution in the speed of 
evaporation points to the greatest obstacle economical smoke- 
X reventors have to contend with, namely, the want of sufficient 
boiler power. There are many boilers worked so hard that the 
admis.sion of air above the fuel in barely sufficient quantity to 
prevent smoke, reduces the rate of evaporation below that re- 
quired. Boilers working under such conditions are burning 
their fuel with a great waste, and although the evaporation 
may be rapid it is at a sacrifice of economy. On the othei 
hand, the fact of the necessity of having so much boiler power, 
shows that the cooling efiect of admitting a considerable quan* 
tity to prevent smoke may not always be economical. 

The fact is, that in many cases no economical gain has been 
obtained by a complete smoke-prevention b.ut just the reverse. 
This may be accounted for on the supposition that the increase 
of heat due to the burning of the hydrocarbons is sometimes 
counterbalanced by the lowering of the temperature by the ex- 
cess of air after the fuel is converted into coke, or that there is 
an excessive admission of air when the hydrocarbons are evolved, 
or that the facilities for mixing the air with the gases at tho 
right time and place are insufficient. Peclet records some ex- 
periraents where it was found that so long as there was a larger 
volume of carbonic acid than free oxygen in the escaping cur* 
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renty the smoke was thick ; that it began to clear when the two 
volumes were equal, and disappeared when the volumo of free 
oxygen was equid to twice that of the carbonic acid. 

It is frequently found necessary to shorten the fire grate in 
order to maintain the evaporative economy, when a furnace ia 
altered with a view to prevent smoke by admitting air directly 
to the gases evolved from the coaL In very many boilers th6 
length of fire grate is excessive. Whenever it exceeds 6 feet it 
is almost certain to be productive of waste, as the grate beyond 
this length is beyond the control of the stoker in the majority 
of furnaces. Indeed, there are thousands of boilers working 
with 6-foot grates, which might with great advantage be reduced 
by from 12 to 24 inches in length. A large grate by burning 
more fuel will raise more steam in a given time than a smaller 
grate, but the increase of evaporation will not bo proportionate 
to the increased quantity of fuel consumed. The shorter the 
grate the more economical will be the consumption. In fact, 
the economical limit to shortening the grate is only fixed by the 
power of pro^iucing sufficient steam without burning the coal 
too rapidly for complete combustion, by distressing the fire with 
too frequent stirring. 

Cases are to be found where the difficulty of keeping a very 
large grate covered increases so rapidly with the strength of the 
draught, that the production of steam is actually reduced as the 
draught is increased, in spite of the greater consumption of fuel. 
This is owing to the quantity of unburnt air, which passes 
through one portion of the grate, increasing more rapidly than 
the quantity of heat generated on the rest of the grate. In 
such cases a reduction of the size of the grate, or force of the 
draught, will be followed both by speed and economy of evapo- 
ration, and less attention will be required in firing. 

The bars of internally 6red boilers are frequently placed too 
high, the advantages of a large combustion space to aid the 
mixing of the air with the hydrocarbons, of a large furnace 
surface for absorbing the radiant heat from the fuel, and of a 
thick fire for burning all kinds of good steam coal, being too 
frequently sacrificed for the single advantage of an inch or two 
more width of grate. 

The distance of the bars from the bottom of externally fire«\ 
boilers may be varied within considerable limits, according to 
the size of boiler, intensity of draught, nature of coal, and 
thickness of fire. A distance of 14'' or 16'' from the surface of 
the fire to the boiler plates appears to be about the best average 
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height. By increasing the distance much of the effect of the 
radiant heat is lost, and by bringing the fine too near the boiler 
there is a liability of damaging the plates, and of extinguishing 
the flame, impairing the combustion, and producing smoke. 

The weight of fuel in pounds per hour burnt on each square 
foot of grate is termed the rate of combustion, and depends 
upon the draught and combustibility of the fuel. The rate of 
combustion varies with different classes of boilers, and in dif- 
ferent districts. The following may be taken as the average 
practice with semi-bituminous coals. 

lbs. per square foot 
of grate per hoar. 

Lowest rate of combustion in Cornish boilers 4 

Usual rate in Cornish boilers . . .10 

Usual rate in externally fired and internally 

fired Factory boilers . . . . 10 to 18 

Usual rate in Marine boilers . . . 14 to 26 

„ >9 in Locomotive boilers, with blast 

pipe 60 to 130 

The maximum rate of combustion of semi-bituminous steam 
coal, with air-admission through the grate and above the fire 
and with chimney draught, is about 40 lbs., but the evaporative 
economy decreases rapidly with a combustion exceeding 30 lbs. 
The maximum rate of slightly-bituminous steam coal with air- 
admission through the grate only is about 35 lbs., but even 
below this rate the intense heat given out by these coals has 
been found to fuse the bars rapidly. Their evaporative economy 
decreases with a more rapid rate of combustion than 26 lb& 



CHAPTER XV. 

HEATING SURFACE. 

Thb evaporative power of a boiler marnly depends upon tbe 
efficiency of its heating surface, whose duty is to transfer the 
heat from the products of combustion without to the water 
within. 

The heat is communicated to the transmittiog surface in two 
diflerent ways^—by radiation and by contact ; and from two 
or three different hot masses in the furnace, viz., the solid in- 
candescent fuel, the flame, and the hot gases produced by com« 
bustion. Beyond the furnace bridge or tube plate the heat is 
imparted by contact and radiation from the flame and gases 
only. 

The amount of heat transmitted by radiation from one body 
to another diminishes as the square of the distance between the 
bodies increases. The effect on any surface is also diminished 
by any increase in the inclination at which the rays fall 
upon it. 

The radiation from solid incandescent fuel is greater than 
from flame, whilst transparent hot gases scarcely radiate any 
heat at all. The more intense the contact heat of the flame 
by thorough mixture with the air, the less is the heat by 
radiation. 

Conduction is the transfer of heat either between the par- 
ticles of the same body, or between the parts of different bodies 
in contact, and it is distinguished respectively as internal and 
external conduction. The rate at which the former takes place 
in metal plates is very much greater than the latter, where the 
heat passes from the hot mass to the plates, and from thesf 
again to the water. 

The efficiency of any heating surface may be defined as the 
proportion borne by the amount of heat it transmits to the 
whole amount available for transmission, and in this sense the 
term efficiency will be here used. The conditions on which 
this efficiency depends are as follows :— - 
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1 . The extent of Biufaoe acted upon by the heat and io con- 
tact with the water. 

2. Its position and arrangement with respect to the heating 
medium on one side and the water on the other. 

3. The nature, condition, and thickness of the solid body 
forming the heating surface. 

4. The difference of temperature between the heat on cue 
aide of the solid body and the water and steam on the other. 

5. The time allowed for the transmission of heat. 

6. The nature of the heating medium, and the manner in 
which the heat is communicated, whether from incandescent 
fuel, flame, or heated gas, and whether the heat is communi- 
cated by radiation or by contact. 

1. In estimating the extent of heating surface it is customary 
to take the whole area of furnace, combustion chamber, flues, 
water tubes, <kc., in contact with the heat on one side and the 
water and steam on the other, and to consider the evaporative 
power of the boiler as proportional to the total number of square 
feet of surface thus found. It is evident this method would be 
correct if every unit of heating surface possessed the same 
transmitting value. As we shall presently see, however, this is 
not the case, and although the efficiency of the surface may be 
increased by extending it, it does not follow that the increase of 
efficiency is in direct proportion to the increase of extent, but 
is greatly dependent upon the other conditions enumerated. 

2. Owing to the low conducting power of water the applica- 
tion of heat to its upper surface is almost entirely useless for 
warming the mass of water beneath. Inflammable liquids floating 
on water can be burnt without raising it 1° in temperature, 
whilst generating sufficient heat to evaporate the whole mass if 
applied below instead of above. 

In order to obtain the greatest effect the heat should be 
applied to the bottom of a vessel containing water, and when 
the heating medium is inside a vessel surrounded by water it 
should be applied to the crown. In both cases the heat is dif- 
fused through the liquid mass by convection. When water is 
heated it becomes lighter and ascends, being displaced by a 
descending column of colder water ; but when the water is heated 
by the bottom of a vessel or tube with which it is in contact, on 
becoming lighter it clings to the surface above it, and diffuses 
no heat downwards. 

In Tredgold's work on the steam engine it is recorded: — 
" Mr. Armstrong found that a cubical metallic box, submerged 
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in water, and heated from within, generated steam from iU 
upper surface more than twice as fast per unit of area than it 
did from the sides when vertical, and that the bottom yielded 
none at alL These remarkable differences are owing to the 
difficnlfcy with which steam separates from a vertical surface to 
give place to fresh charges of water, and to the impossibility of 
leaving the inverted surface at all. By slightly inclining the 
box the elevated side much more easily parted with the steam, 
and the rate of evaporation was increased ; while on the depressed 
side the steam hung so sluggishly as to lead to an overheating 
of the metal'' 

A flat horizontal surface not too far above tlie layer of fuel 
is usually considered to be the most favourable for raising 
steam. By being made concave to the fire it has, however, the 
further advantages of being still better adapted for receiving 
the radiant heat ; of facilitating the access of fresh supplies of 
water to replace the heated ascending particles, and thereby 
promoting the circulation ; of boiling off the matters deposited 
from the water, and so preventing incrustation ; and of being 
stronger, and in some cases more durable. 

Next in efficiency to the flat surface with the water above 
comes the sloping surface surrounding the fire, which is superior 
to one in a vertical position, as it receives the rays of heat at a 
more favourable angle, and allows the steam bubbles to escape 
more freely. The sides of locomotive fire boxes for these 
reasons, as well as for improving the size of the usually too con- 
tracted water spaces, are best made sloping, tdthough the area 
of the crown is thereby somewhat diminished. 

In the locomotive class of boilers the fire box tube plate acts 
perhaps as effectively as the crown in transmitting the heat per 
unit of area, the rapid impingement of the flame and hot gases 
against it compensating for any disadvantage due to its vertical 
position. The efficiency of the crown is too often impaired by 
its top hamper, in the shape of stays, ferrules, bolts, &c 

From what has already been stated it is obvious that the 
value of any horizontal surface beneath the fire, whether flat or 
curved, is inappreciable, and not worth consideration as heating 
surface. In externally fired boilers the heating surface is 
usually convex to the fire. This is by many regarded as in- 
ferior to a concave surface, probably because it is not so well 
adapted for directly receiving the radiant heat from the fire, and 
does not appear to offer an equal facility for circulation. The 
results obtiined from this description of surface in actual work 
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do not api>ear to verify this concluBion. The inferior evapora- 
tive power usually alleged of the ordinary externally fired 
boiler is, in great measure, due to the dissipation of heat in the 
furnace. 

Where the containing vessel is surrounded by the heating 
medium, as in water tube boilers, and in the " bouilleurs" of 
elephant boilers, the top side cannot be considered as effective 
heating surface, in consequence of the manner in which the 
steam remains in contact with it. The efficiency of these tubes 
surroimded by heat should increase rapidly with the pressure, 
since the space occupied by the steam will decrease as the pres- 
sure is augmented, and the circulation will be improved. The 
■ides hold an intermediate position between the top and bottom, 
which latter may be taken as completely effective in absorbing 
and transmitting the heat. Taking the efficiency of the top as 
0, and that of the bottom as 1, that of each of the two sides 
will consequently be ^, and the average of the wholp circum- 
ference 

0-f^ + | + l _ , 
4 ^ 

showing that the whole surface utilises only one half the 
quantity of heat it would utilise if it were all equally as effective 
as the bottom. In like manner the effective area of a tube 
internally heated will be found to be only one-half its total 
area. In plain cylindrical externally fired boilers only tho 
under half of the circumference is exposed to the heat, whilst in 
an internally fired tubular boiler the whole surface of the tube 
beyond the bridge (when clean) is exposed. If we take the 
ratio of the diameter of the externally heated boiler and inter- 
nally heated tube as 2 : 1, the whole surface exposed will be 
tqual in both for a given length of boiler, but the effective 
surface will be in the ratio of 3 : 2 in favour of the externally 
fired boiler. 

On leaving the furnace the flame and hot gases come in 
contact with heating surface, which may consist of internal 
tubes of widely different sizes, and of elliptical, circular, or rec- 
tangular cross section ; combustion chambers ; horizontal, in- 
clined, or vertical water tubes ; and the flat or round ends 
and curved bottoms and 4ides of the boiler sheU. As we 
have already seen, the upper portion of horizontal internal 
^ubes forms the most effective evaporating surface, the flame 
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And hottest portions of the gases coming in contact with it on 
one side, and the steam escaping readily from the other. The 
upper surface of the tube on the fire side is kept tolerably clean 
by the intense heat and current of hot air when the draught is 
not sluggish. The water side is kept comparatively free of 
incrustation when the deposited matters carried up by the 
ebullition are not prevented from passing away and settling 
where the water is quiet. For tliis reason^ and also to allow 
th« rising steam to escape freely, sufficient space should be left 
between the tubes in a multitubular boiler, — about -J their 
diameter. For facility of cleaning or washing out, and also to 
facilitate the escape of the steam as it is generated, a cluster of 
small horizontal tubes are best arranged in vertical rows, and 
not zig-zag, or in rows runniiig at an angle of SO'' or 60°, which 
is done for the sake of getting the greatest possible number of 
tubes in a given area of tube plate. 

The crowding of tubes in multitubular boilers is often carried 
to an extreme, especially in the locomotives on some of the Con- 
tinental railways, with the view of getting more surface, but 
without regarding the other conditions of steam raising. Heating 
surface in the abstract is one thing, its efficiency ia another. 
Theoretically, the spaces between the tubes should increase with 
the distance from the lowest row of tubes. In arranging them 
in vertical rows this can only be attained by decreasing the 
diameter of the tubes as they ascend, which is, however, objec- 
tioDable in practice. The under portions of the tubes and 
internal flues are almost worthless for steam raising, not only 
on account of the difficulty the steam has in escaping from the 
surface on one side, but also in consequence of the deposit of 
soot, ashes, and flue dirt which is the rule on the other. The 
incrustation also accumulates much more rapidly, and to a 
greater thickness, on the under side than on the crown of tubes, 
especially of large diameter, principally on account of the com- 
paratively quiescent state of the water in contact with the 
former. 

The manner in which the heat from the swift current through 
a horizontal tube is brought in contact with the metal is pro- 
bably by a kind of convection. Assuming the gases entering a 
tube to be all of the same temperature, the particles striking 
against the upper surface must give up part of their heat, and 
in cooling descend by virtue of their Increased gravity, despite 
the onward and upward force due to the momentum of the mass 
which opposes their descent. The hot particles immediately 
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behind and beneath these will come in contact with the upper 
Bar face a little further on, and so a species of convection i% kept 
lip as the gases sweep along. This probably gives rise to the 
undulatiog and winding manner in which flame may be ob- 
served to pass along a horizontal tube. It would hence appear 
that the tubes should be inclined downwards from the furnace, 
instead of being quite horizontal, in order to aid the contact 
of the hot gases with their upper surfaces. A very small 
amount of heat is transmitted by radiation from the hot gases 
during their flight. But when ike flue deposit on th» bottom 
of small tubes is not too thick to impair the draught it may 
act advantageously in robbing the lower part of the gases of 
part of their heat, which, when sufficient to maintain the layer 
in a state of incandescence, will b.) imparted by radiation to 
the tube crown. 

In horizontal internal flue tubes various means have been 
devised for extracting more of the heat out of the gases than 
they will yield by radiation or conduction through their mass, 
by breaking the currents at intervals, and so bringing fresh 
portions of the gases in contact with the plates. This is perhaps 
best effected in large tubes by the introduction of side water 
pockets and central water tubes, which also improve the circu- 
lation, and at the same time may be made to impart additional 
strength to the main tubes. The area of the passage i;*, how- 
ever, contracted by these expedients, and the draught impaired, 
which in some cases causes a reduction in the evaporative 
velocity, instead of an increase, which the application of the 
increased heating surface is expected to produce. The cleaning 
of even large tubes is rendered more difficult by these heat 
extractors, which circumstance alone very often more than coun- 
teracts any advantage they would otherwise afford, causing a 
reduction both in the economy and rapidity of evaporation. 
This difficulty precludes their adoption in smaU tubes altogether. 
Only the face of the water tubes and pockets against which the 
rapid current impinges on its way to the chimney can be re- 
garded as really effective heating surface. In order to facilitate 
the escape of the steam as it is generated, vertical water tubes 
should be made conical, and no water tube should ever be 
arranged horizontally, as this position is unfavourable to the 
circulation, and renders the escape of the steam well nigh 
impossible. 

In passing up through vertical tubes the gases act at a disad- 
vantage for imparting their heat to the plates. The particles 
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cooled by contact with the sides on entering have no tendency 
to make way for those in the middle of the current that still 
retain their heat, which can therefore only be indifferently im- 
parted by radiation or conduction. Transverse water tubes, or 
some other means for extracting the heat from the gases by 
contact are necessary adjuncts to vertical boilers, to render them 
anything like economical steam generators. These water tubes 
should always be arranged with considerable inclination, to 
allow the steam to escape freely along the upper surface, against 
which it rises as quickly as it is generated at the bottom, and 
so improve the circulation. The cross tubes both in vertical and 
horizontal internal flaed boilers should never be arranged all in 
a line, but each tube should be set at an angle with those pre- 
ceding it, so as to intercept the greatest possible amount of heat 
by breaking up the current of hot gases. 

Besides greatly adding to the heating surface, the cross tubes 
and the auxiliary vertical tubes sometimes used in upright 
boilers also promote the circulation throughout the boiler, and 
thus act indirectly in improving the heating surface of the main 
tubes themselves. 

3. The evaporative efficiency depends on the nature, con- 
dition, and thickness of the material forming the heating sur- 
face. In a homogeneous plate the resistance to internal con- 
duction is proportional directly to the distance the heat has to 
traverse, or to the thickness of the plate and inversely to the 
difference of temperatures between the two faces, whence the 
quantity of heat in units transmitted, through 1 square foot 
of plate per hour may be represented by 



Q = I:::I' 
^ p* 



where T - temperature of hot gases ; T' = temperature of 
water ; t = thickness of plate in inches ; and P = co-efficient of 
thermal resistance found by experiment, and, according to 
Peclet, is '0096 for iron and '0040 for copper. 

Expressing the resistance to external conduction by the 
co-efficients, H and W, which represent respectively the resist- 
ance to the absorption of heat by the face of the plate, and 
the resistance to emission on the other side in contact with the 
water, then the total thermal resistance, internal and external. 
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is expressed by P < + H + W and the quantity of heal 
transmitted by 



Q- 



P< -f H -f W. 



From this expresion it is evident that the heat transmitting 
power of the plate decreases with the thickness and resiBtancr* 
or conversely, increases with the facility offered by its heat- 
absorbing, conducting, and emitting qualities ; also that the 
resistance is not directly proportional to the thickness or the 
conducting power of the plate. The smaller P and t and the 
larger H and W become, so does the importance of the influence 
of the thickness diminish. In consequence of the great 
superiority of the internal compared with the external con- 
duction of copper, brass, iron, and steel, some eminent 
authorities conclude that the small difference in their con- 
ducting powers and thickness has no appreciable influence on 
the amount of heat they transmit 

Peclet, who found that all metals conduct about alike, when 
their surfaces are dull, quotes two experiments that appear to 
bear out this conclusion. One was with a boiler of cast-iruu 
and the other with a boiler of copper. Both were exposed to 
a fierce fire and plunged into the flame. Each produced about 
20 lbs. of steam per square foot of surface per hour. 

Carefully conducted experiments, and the result of actual 
practice, show that after the first few days* work, with ordinary 
impure feed water, there is no perceptible difference in the 
evaporative power of copper, brass, and iron tubes, although 
their relative internal conduction powers are respectively 74, 
24, 12, and that so far as the economical use of fuel is con- 
cerned, there is no gain in employing the dearer metalf;. The 
same result has also been found when using slightly different 
thicknesses of the same metaL Although the difference be- 
tween the steaming powers of new boilers with furnace plates 
i and -| inch thick is sometimes found to be material, it rapidly 
disappears as the plates become coated over on both sides. 
Layers of oxide, incrustation and grease on one side, and soot, 
flue deposit, or the products from the slow distillation of the 
coals on the other, greatly increase the resistance to the pas- 
sage of the heat. The conductive powers of these substances 
really measure the evaporative power of the tube or plate ; 
being bad thermal conductors^ their obstruction to the passage 
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of the heat from the gases or fuel to the water is so great, 
ill comparison with that of iron or copper of ordinary thick- 
nesses, that the latter loses its significance, or, in other words, 
the quantities P and <, for either copper or iron in the formula 
are so small, compared with H and W, as not to be worth 
eonsidering. 

The rapidity of the internal conduction is greatly dependent 
upon the homogeneity and solidity of the plates, for all kinds 
of boiler materials. Where much lamination occurs in the 
plates, the internal may actually become a succession of external 
conductions, the rate of transmission being in consequence 
seriously affected. It is a well-known fact that J" and ■^^" 
furnace plates are much more liable to fracture and become 
otherwise injured from excessive heating than -^^^ and f " plates. 
This is sometimes adduced as a proof of the inferior evaporating 
powers of thick plates ; but it does not follow that the in- 
feriority is appreciable in the amount of water evaporated. 
The manner in which the injury to thick plates comes about 
is as follows — when the plate is homogeneous and uniform, the 
conduction between the two faces will be uniform throughout, the 
temperature being highest on the fire side and diminishing 
gradually to the other side, where it is lowest. The difference 
will be in proportion to the thickness. Assuming the face in 
contact with the water to be maintained at a constant tempera- 
ture, it follows that the other face will be more and more 
heated as the thickness is increased, and consequently more 
liable to injury from sudden cooling. If the internal face, 
instead of being in contact with water, is covered with scale, 
or the plate is laminated, or a double thickness occurs, the 
thermal resistance may be indefinitely increased, and the liabi- 
lity to injury by the plate attaining a very high temperature 
seriously aggravated. This is proved by the bursting of 
blisters and the fracturing of the lap edges through the rivet 
holes. Formerly, when the difficulty of rolling-boiler plates 
increased with their thickness, the more frequent presence of 
lamination in thick plates would probably have much to do 
with their alleged increased resistance to thermal conduction. 
The difficulty of obtaining sound boiler plates |" thick, 
and even more, is, however, no longer to be considered 
general 

It is said that the thickne&s of the wrought-iron fire box 
plates in American locomotive boilers is diminished gradually, 
by the action of the heat, until they are about -j*^", which 
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ftppeftin to be the thickness that transmits the heat with just 
sufficient rapidity to keep the surface on the fire side below a 
wasting temperature. This wasting does not take place to so 
great a degree with copper plates, owing to its superior internal 
rate of conduction, -^ inch being the thickness which corres- 
ponds in this respect to the -^^ inch iron. It is obvious, how- 
ever, that the impurities in the fuel and water and local action 
of the draught will affect the thickness of the plate, quite 
independently of its conducting power. 

It is the opinion of some experienced boiler inspectors that 
thick furnace plates, both vertical and horizontal, receive a 
slightly thicker coating of incrustation than thin plates, under 
exactly similar conditions of temperature, water, &c. This 
can only be accounted for on the supposition that the ebullition 
over the thicker plates is less intense, which would appear to 
prove their inferior evaporative vtdue. 

4. In coming in contact with the first unit's length of heat- 
ing surface the gases part with a portion of their heat, they 
will consequently have a diminished amount for the next unit's 
length, and this will be still further reduced by contact 
with fresh surfaces, so that each snccessive portion transmits a 
gradually diminisMog quantity of heat, until the gases escape 
with a certain excess of temperature above that of the water. 
It is usually stated that the quantity of heat so transmitted 
by the plate or tube is in direct proportion to the difference 
in temperature between the heating medium on one side and 
the water on the other. This conclusion must, however, be 
received with some qualification. If the hot gases and air 
passing through a tube possessed the property of imparting their 
diminishing heat, under similar conditions and in a uniform 
manner throughout, and if the resistance to conduction offered 
by the heating surface were uniform for its entire length, it id 
probable that the heat imparted at each point in its passage 
would be nearly in direct proportion to the difference of tem- • 
perature. Assuming the gas to enter the tube at 1800^ and 
at each successive stage to impart ^ of the difference of 
temperature to the water at 212^, we should have the first 
amount transmitted 

1800*^ — 212« 

6 = 2640. 

The gas arrives at the next point with a temperature of 1800°-^ 
264® = 1536°, the amount utilised in this case will be 
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1536' — 212* 



= 22r. 



6 

The temperature at the next stage will be 1 630°— 221 * ^ 1315% 
and so on, for each successive steps, until the gases escape at 
850°, as shown in fig. 23. 

Fig. 23. 



But the manner in which the heat is transmitted by the 
gases is not the same throughout. At that end of the tube 
where they enter the heat is imparted to the metal directly 
by the hot gases in contact, which are thereby rapidly cooled 
down, and the heat for the remaining length of tube must^ 
in some measure, be transmitted by radiation or conduction 
from the hotter particles, at the axis of the tube, through 
the cooler mass, which now surrounds them, or by convection, 
as stated at page 277. As the transmission of heat by radiation 
and conduction requires time, and is almost nil with hot air and 
transparent hot gases, it appears then that the heat near the 
exit end must be imparted mainly by convection, and, there- 
fore, at a comparative disadvantage, and hence the evaporative 
duty of opposite ends of the tube will not be in direct propor- 
tion to the difference between the temperatures. The amount 
of heat imparted as the gases are cooled down will not be so 
great as we obtained above, nor will the temperature of the 
escaping gases be so low. 

If this be the case when air is the heating medium throughout, 
the difference in the proportion of the quantity of heat imparted 
at opposite ends will be much greater when flame is drawn through 
a tube or along the bottom of a boiler, for a short distance, 
owing to the great superiority that flame possesses over hot air 
as a heating agent under the circumstances we are con- 
sidering. 

According to Professor Rankine^ when the difference between 
the heat of the gases and the water is very great, the rate of 
conduction increases faster than the simple ratio of that dif- 
ference, and IS nearly proportional to the square of the difference 
of temperature. The rate of conduction in thermal units for 
plates and tubes per square foot of surface per hour may be 
expressed by 
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Q = (T — T?, 



where T and T' represent the temperatures of the two fluids, 
which are respectively in contact with the two faces, and a U 
a constant, which, lying between 160 and 200, agrees very 
well with the results of experiments on the evaporative power 
of boilers. 

The above considerations will lead us to expect a very small 
evaporative duty from the exit end of long tubes, or, generally, 
from heating surface where the temperature of the gases is very 
much reduced, or the heating medium is changed from flame to 
heated air and steam, and no surprise will be caused by the results 
of various experiments that have been made from time to time, 
to prove the superiority of firebox surface to tube surface. Ii 
1830 Stephenson found that in a locomotive boiler, open to the 
atmosphere, and with the firebox separated by a plate from the 
barrel, that one foot of firebox was equivalent to three of tube 
surface. In 1840 Mr. Dewrance modified the experiments by 
dividing the barrel of a small locomotive boiler into six com- 
partments, that next the firebox being 6" long, and the 
remaining five compartments each 12'^ long. The results 
found were that the first six inches of tube were equal, area 
for area, to the firebox surface ; the second compartment was 
only about one-third as effective, while in the remaining four 
compartments the evaporation was so small, according to the 
experiments, as to be practically useless. 

In 1858 Mr. 0. W. Williams experimented on a small open- 
topped boiler, 4' 6" long, having a 3" tube passing through 
it. The boiler was divided into five compartments, the firsi 
being 6" and the rest 1 2" in length. The heat was supplied 
by means of a gas burner, placed in one end of the tube, 
bent down at a right angle. In a trial of four hours the 
water evaporated from 44° was in the five compartments 
severally 96, 44, 24, 19, and 16 ounces ; and although the 
temperature of the escapiog products of combustion was about 
500*^, that of the water in the last compartment was only 
1 70®. In another trial of four hours with the same boiler, 
from an initial temperature of about 190°, the results were 
98, 44, 32, 23, and 17 ounces evaporated. The temperature 
of the water in the last compartment fell to 170% showing 
that the absorption was less than the radiation of heat^ which, 
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however, would not have been the case had the boiler been 
closed in or protected. 

The temperature of the escaping products was in this case 
about 485^ In a third experiment the boiler and tube were 
lengthened to 5' Q'\ and divided into five equal compart- 
ments, 12" long, and a strong coke fire was substituted for 
the gas jet. In a trial of three hours the quantities evapora- 
ted from 50® were 117, 92, 73, 64, and 63 ounces, the pro- 
ducts escaping at a temperature of 800°, whilst the tempera- 
ture of the water in the last division did not exceed 206° at 
the conclusion of the trial. 

About 1864 some further trials were undertaken with a 
multitubular boiler 6 feet long. The tubes were divided off 
into 6 lengths by plates at intervals. The compartment next 
to the tube plate was only 1" long, the second 10", and the 
four remaining were 12" in length each. The following 
quantities of water were found to have been evaporated, after 
three hours' work : — 



) - 4r „ 

) - 30 „ 
)— 22 „ 

) — 18 ,, 
) — 17 „ 

As there were no separate means of measuring the qaantity 
evaporated by the tube plate, the large amount given for the 
first length of l" was in reality partially due to tube plate 
surface. The decreasing value of each succeeding length need 
occasion no surprise, although the exact manner of decrease 
in each case is not very clear. 

From these and other experiments it has by many been 
eri'oneously concluded that in boilers having long tubes, say 10 
feet or more, only the first 12 " or 20 " of length is of material 
evaporative value. The results of the experiments were how- 
ever obtained under conditions very different from those under 
which the tube is employed in practice, the principal difference 
being the absence of the strong draught which draws the 
flame through the tubes, especially in a locomotive boiler. The 
stronger the draught the greater will be the temperature of the 
escaping gases, and consequently the greater the waste, but by 
pulling the flame through the tube the value of the heating 
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rarface is more equalised for the whole length and the rapidity 
of evaporation greatly increased. The stronger the draught the 
greater the velocity of the ciurrent of gases, and as we shall 
presently see, the greater should be the length of the tubes to 
allow tinoe for absorbing the heat. Experience proves that in 
boilers at work all the tube surface is important for speed of 
evaporation, provided the draught is suitably increased with 
the length of tube. 

The great superiority of the furnace-heating surface, both in 
locomotive and other types of boilers, is no doubt greatly owiug 
to the radiant heat from the incandescent fuel being principally 
absorbed here. According to Peclet, the proportion of radiant 
heat from red-hot coal may be taken as 0*5 of the total heat of 
combustion. The greatest quantity of this is given O'ut upwards, 
and but very little is absorbed by the hot air, except what is 
not taken up by the plates against which it radiates, in the 
same manner as our atmosphere is only warmed by the earth 
and not by the sun's rays which pass through it. 

If we assume that f of the total heat from the incandescent 
fuel is absorbed by the furnace plates, and ^ is carried off by 
the escaping gases for producing the draught, we have only 
I left for absorption by the heating surface of the flues or 
tubes, and owing to the heat being more favourably circum- 
stanced for absorption by the surface near the furnace there 
remains but little heat to be extracted by the surface at a 
distance from the fire. The tube surface is of most value for 
transmitting the heat from the flame which comes in contact 
with it, and its value is least when the fuel burns without 
flame. 

The comparatively small heating power at the escaping ends 
of the tube in the experiments is only what we might expect 
when the hottest portions of the gases are not brought into 
direct contact with the plates. There are many cases where the 
tube surface has been replaced by combustion chambers, pre- 
senting a less amount of transmitting area for the flame, but 
allowing a better mixture of the gases and a more perfect com- 
bustion, yet a loss of evaporative power has generally been the 
result, showing that the value of the tube surface had been 
underrated. 

On the other hand, increasing the heating surface by placing 
numerous tubes at the back end of long iutercally Bred boilers 
has led to disappointment, no benefit having resulted from it, 
in great measure owing to the reluctance with which the hot 



HEATING SURFACE. 287 

gases give up their heat, and in consequence of the retarding oi 
the draught by the contracted area of the tubes. There is also 
another important circumstance that operates etrongly against 
the evaporative power of the back ends of long tubular boilers 
of all dasses where bad feed water is used, except, perhaps, in 
locomotives. The parts of the boiler on which the incrustation 
is most thickly and rapidly deposited is where the water is 
quietest, or the ebullition least violent, and consequently where 
the least amount of heat is absorbed. This amount of incrus- 
tation increases with the age of the boiler, and as the resistance 
to thermal conduction increases in proportion, it is obvious that 
the rate of conduction will decrease in a still more rapid ratio 
than the square of the difference in temperature between the 
two faces. In many cases of externally and internally fired 
boilers, the decrease in the rate of conduction and evaporation 
cannot be less than the cube of that difference. 

It is evident from what has already been stated that we must 
at last arrive at a point where no useful effect can be gained by 
still further increasing the heating surface. This point is not 
always determined alone by the difference of temperature between 
the two fluids, which at any point depends in great measure 
upon the force of the draught, but is governed also by the 
nature of the heating medium, position of heating surface and 
its resistance to conduction. Where there is no means of 
improving the draught there is a positive loss in having too 
extended a heating surface, either in plates or tubes, especially 
in the latter, as the accumulation of soot that takes place in 
tliem impedes the draught, which again causes a farther deposit 
of soot, and so the evil goes on increasing. 

If we assume the diminution of the rate of conduction we 
found' at page 283 to be correct, at the same rate, by doubling 
the length of the tube we should have the temperature of the 
escaping gases at 474°> giving an increase of 376° utilised for 
evaporation ot 

= 2% per cent. 



1800—212 



of the available amount in the case we have considered, but 
approximately not more than 12 per cent, if we take the tem- 
perature of the fire at 3000°, the difference between 3000° and 
1800° being absorbed in the furnace. But we should not gain 
even this increase of power if we double the length of the boiler 
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in order io obtain a corresponding increase in the length of 
tube, there being a great loss of heat due to radiation into the 
atmosphere from the boiler shell, which loss increases directly as 
the length, and beyond a certain limit it is evident that we 
should lose inorA than we should gain by adding to the length 
of the boiler 

On the othor hand, by reducing the length of the boiler tcw> 
much, a large quantity of heat would be wasted, owing to the 
excessively high temperature at which the gases would escape. 
As a rule we should make our heating surface as great as 
possible, taking care to discharge the products of combustion a\ 
a sufficiently high temperature to ensure a good draught and 
not to waste more heat by radiation from the boiler than is 
transmitted by the heating surface. The temperature of the 
escaping products should not exceed 600°, which is about the 
maximum in good practice and the best for ensuring a good 
draught. 

5. The evaporative efficiency of a given amount of heating 
surface depends upon the time allowed for the transmission of 
heat through it, or for the contact of the hot gases. The greater 
their velocity, the less time have they for imparting their heat 
to the plates or tubes where the length of surface is constant. 
The velocity through a tube may be increased, either by reducing 
its area, the total quantity of gases passing through remaining 
constant, or by increasing the draught, and so causing a greater 
amount of gases to pass through in a given time, the area of 
the tube remaining unaltered. When the heating surface 
consists chiefly of tubes, as in the locomotive type of boiler, the 
collective area of the tubes may be diminished without decreasing 
the extent of heating surface, since the sectional area varies as 
the square of the diameter, whilst the surface measured by the 
circumference diminishes simply as the diameter. With the 
gases passing at the same velocity through two tubes, whose 
diameters are as 1: 2, the latter will be traversed in a given time 
by four times the quantity of gases, and will have only twice the 
surface to absorb the heat. Therefore, to obtain the same 
evaporative economy as in the small tube, we must double the 
length of the larger, or generally speaking the proportion 
between diameter and length of a tube is constant for the sami 
evaporative efficiency. When an increased quantity of gases oi 
the same density pass through a tube in a given time, although 
there will be a greater absorption of heat, there will still be a 
loss by the increased amount of heat remaining in the escaping 
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gases ; and in order to preserve the same economy, or in order 
that the heat of the escaping gases shall remain constant, the 
length of the tube must be increased in proportion to the 
increased quantity of gases passed through. 

If we consider the heat to be imparted to the tube surface by 
radiation, which, however slight, is probably the principal mode 
of transfer in vertical and other long tubes, where the convection 
amongst the particles of gas cannot be supposed to take place to 
any great extent, we may assume the heat to be concentrated in 
the axis of the tube, whence we find the quantity of heat 
received in a given time by the surface from radiation will be 
inversely as the square of the diameter. By doubling the 
diameter we shall have four times the quantity of gases passed 
through, and the quantity of heat received in a given time will 
be only one quarter of what it was before, owing to the increase 
of distance. The surface being, however, twice as great, the 
absorption per unit of length becomes equal to one-half the 
original Therefore, in order to bring the evaporative efficiency 
up to the original, we must double the length of tube, or 
generally we must increase the heating surface as the square of 
the diameter, in order to obtain the same evaporative efficiency 
from radiation when increasing the diameter of a tube. 

But if we reduce the diameter to one-half, we increase the 
absorbing power fourfold per unit of surface ; the heating surface 
being however reduced to one-half, the evaporative power of the 
tube will be only doubled, whence the tube may be reduced to 
one-half the original length and still retain the same evaporative 
efficiency, or, the length remaining unaltered, the quantity of 
gases passing through should be doubled to maintain the same 
temperature at the escaping end, or, as before, the efficiency of 
each square foot of heating surface increases inversely as the 
square of the diameter. 

When a fuel is used which burns with a long flame, the 
diameter of the tubes should not be too small to exclude the 
flame altogether from passing along them, as it is of much more 
evaporative value than the transparent products of combustion, 
owing to the small radiating efiect of the latter. But where the 
hydro-carbons and carbonic oxide can be sufficiently burnt 
before reaching the tubes these can scarcely be made too smaU. 
In locomotive furnaces the presence of the brick or water arch, 
by retarding the passage of the gases to the tubes and giving 
move time for the proper oombustion of the volatile parts of the 

a 
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fuel should render successful the application of still smaller 
tubes than are generally used. 

6. From ^hat has already been stated concerning the small 
amount of heat transmitted by radiation, conduction, and 
convection from the transparent gaseous products of combustion, 
the heating surface, at a distance from the furnace, in order to be 
effective, should be arranged to bring the gases in direct contact 
with it, by suddenly changing the direction of their current, or 
by placing water tubes in their path, but at the same time the 
arrangement must not impair the draught to a serious degree. 

The evaporative value of a square foot of heating surface 
varies then in different classes of boilers as well as in the same 
boiler, according to its condition, nature, position, &o. In 
consequenoe of this and the uncertainty of the other conditions 
on which depends the evaporative power, there is considerable 
difficulty in determining precisely the area of heating surface 
necessary for the production of a given amount of steam. The 
simplest way to estimate the evaporative power of a boiler is to 
take the average duty of the whole heating surface found by 
experience for the various descriptions of boilers in use. We 
may take the average maximum evaporative effect of a square 
foot of heating surface at 21 lbs. of water per hour, or one cubic 
foot of water evaporated by three square feet of surface. It 
will be more than this in some locomotive fireboxes, and where- 
ever a jet of flame impinges violently againt the surface, and 
less in some furnaces of externally fired boilers. The precise 
value has never yet been found. In locomotive boilers the 
highest average value for the whole surface in the boiler is 
13*5 lbs. of water from one foot of surface, or about 1 cubic 
foot of water from about 4^ square feet of surface ; and in 
ordinary tubular and externally fired boilers from 3 to 7 lbs., 
or 1 cubic foot from 21 to 9 square feet of heating surface, 
ranging from 20 lbs. per square foot of furnace surface to a few 
ounces or nil per square foot at the point where the gases quit 
the boiler. 

For a given description of boiler, it is evident the evaporative 
efficiency will mainly depend upon the ratio between the 
quantity of coal consumed and the extent of heating surface. 
The quality of the fuel and the manner in which it is burnt, as 
well as the condition of the heating surface, have necessarily an 
important influence upon the evaporative efficiency and power. 
As we have already seen, there may be considerable latitude 
allowed in determining the ratio of consumption to heating 
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Burfooe. By slightly increasing the draught and burning more 
fuel, or, in other words, by slightly forcing the fire, we may 
materially increase the speed of evaporation with a very small 
loss of economy ; and, on the other hand, we might add verj^ 
greatly to the heating surface without finding any appreciable 
benefit either in speed or economy. 

The small gain in economy, accompanying an increase of 
heating surface, is most marked when the area added is parallel 
with the current of gases, and at the part of the boiler where 
they quit it and where it can be least effective, beiog acted upon 
only by the radiant heat from the gases. But if the additional 
surface is placed in the furnace so as to absorb an additional 
quantity of the radiant heat from the fire, or arranged so as to 
receive the heat of the fiame and gases by direct contact, which 
may be done by diminishing the diameter and increasing the 
number of tubes in a multitubular or water-tube boiler, or by 
placing an efficient feed-water heater between the boiler and 
chimney with which the gases come in direct contact, the 
economy may be maintained whilst the consumption of fuel and 
speed of evaporation is increased. 

Mr. D. K. Clark, who has carefully investigated the relations 
of grate area, heating surface, and consumption of fuel and 
water in locomotive boilers, arrives at the following conclu- 
sions : — 

1. For a given extent of heating surface the economical 
hourly consumption of fuel or water decreases directly as the 
grate area is increased, and consequently in order to maintain 
the same efficiency or economical effect, the total hourly con* 
sumption should be reduced at the same rate as the grate area 
is increased. 

2. For a given area of grate the total hourly consumption 
should vary as the square of the heating surface. That is, if 
we double the area of heating surface, we can bum four times 
the quantity of fuel with the same grate area and maintain the 
same evaporative efficiency or economy. 

3. For a given hourly consumption the area of the firegrate 
should vary as the square of the heating surface in maintaining 
the same efficiency. That is, if the heating surface be doubled, 
the grate area may be increased four times, and the same 
economical consumption maintained. 

Now with respect to the first of these conclusions, it would 
appear to hold good for all descriptions of boilers. In general 
it may be said that there cannot be too little gr9.te srea for 

o2 
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economical evaporaticH). Evapoxative economy is, howoTer, not 
compatible with evaporative speed, and the diminution of grate 
area is limited by the speed of evaporation required, and by the 
maximnm rate of combustion found to be consistent with 
economy, which varies in different classes of boilers. By re- 
ducing the grate area the economical value of the heating surface 
of the boiler may be increased, although the speed of evapora- 
tion may at the same time be diminished. From the relations 
embodied in the second and third conclusions, that when the 
heating surface is doubled the economical hourly consumption 
of fuel maybe increased fourfold by increasing the rate of com- 
bustion or the size of the grate, it may be concluded that the 
efficiency of each foot of surface is increased by merely increas- 
ing the surface, or that the evaporative power of the boiler is 
increased more rapidly than the increase of heating surface, 
whilst the efficiency is maintained. There is, however, a 
maximum quantity of coal that can be economically burnt on 
each square foot of grate, which limits the power to be derived 
by increasing the heating surface, while the grate area remains 
constant, and with a given rate of consumption of fuel the 
increase of grate area is limited by practical consideraUons 
already noticed. 

It is, however, more especially to boilers of the locomotive 
type that the two last conclusions can apply. In adding heat- 
ing surface to a locomotive boiler with a given area of firegrate, 
we can only increase the size of firebox, add midfeathers or 
similar expedients, and increase the number of tubes, as the 
length of boiler cannot usually be increased. This at once adds 
considerably to the economical evaporative power, by offering a 
larger surface at the mOst effective position in the boOer ; and 
if the diameter of the tubes be at the same time reduced, the 
evaporative efficiency is likely to be still further increased, as the 
smaller tubes are better adapted for extracting the heat from 
the gases, and the result found in practice agrees with the 
theoretical considerations advanced abovck 

But in the case of an ordinary stationary boiler we can only 
augment the heating surface to any considerable extent by 
adding to the length of the boiler, or by increasing the run of 
the flues. In either case we add the heating surface where it is 
least effective, and where the least quantity of water is evapo- 
rated, in consequence of the gases being here cooler, and in the 
worst condition for imparting their heat, and also on account of 
the deposit of soot and incrustation being thickest where th« 
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gases quit the boiler for the chimney. By doubling the length 
of a tubular or externally fired boiler we should not be able even 
to double the consumption of fuel and maintain the san^r 
evaporative economy. Besides, unless the draught can be 
materially increased at the same time that the run of the flues 
is lengthened there will be a decided falling off in the speed of 
evaporation. 

In the locomotive the forced draught allows a greater range 
in the rate of combustion than can be obtained in stationary 
and marine boilers. 

With a sluggish draught small tubes are liable to become 
choked up with soot or flue deposit, and this liability increases 
with the length of the tube. The same remark applies to a 
great extent to external flues, where the tendency of -the soot 
to adhere to and accumulate upon the plates increases with the 
length of flue and sluggishness of draught. In multitubular 
boilers with chimney draiight the ratio of the length to the 
diameter of tube should not exceed 24 : 1. In locomotives it 
may be made as much a3 120 : 1. The reduction of the 
diameter of the tubes is limited by the area of the flue way it is 
found necessary to maintain, which will greatly depend upon the 
strength of the draught. In multitubular boilers with chimney 
draught the ratio of total tube area to grate area should be 
about 1:7. In locomotives the proportion of the collective 
sectional area of tubes to grate area is usually about 1 : 4. 
With a constant proportion of grate area and flue way, the grate 
is reduced to one-half by doubling the quantity of tubes of a 
given length, and still maintaining the same quantity of heating 
surface in them. As twice the quantity of fuel should be burnt 
on this reduced area to maintain the same efliciency, it follows 
<hat four times the quantity of fuel is to be burnt per hour per 
square foot of grate. The practical impossibility of exceeding a 
certain rate of combustion should restrict the rediiction of the 
diameter of the tubes. With a given length of boiler the reduc- 
tion of the diameter of tubes is limited by the ratio of diameter 
and length of tube it is advisable to adhere to. At the Wigan 
coal trials in 1868 the efiect was tried of dispensing with the 
external flues of a Lancashire and Gruiloway boiler, the gases 
being allowed to pass directly from the internal flues to the 
chimney. The result was a slight falling off in economy, or 
in pounds of water evaporated per pound of coal ; but very 
nearly the same quantity of water was evaporated as when the 
gases made the circuit of the external flues, and consequently 
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trayened a much larger extent of healing surface. It was abo 
found that the Galloway boiler was not superior in evaporative 
<\jO!weT or economy to the ordinary Lancashire boiler, although it 
possesses a greater extent of effective heating surface, and also 
that the difference between the evaporative effect of iron and 
steel flues in a Lancashire boiler was not appreciable. In all 
these cases a high rate of evaporative efficiency was maintained, 
being above 9 lb. of water from 100° per lb. of coal ; but had 
there been a considerably larger consumption of coal per hour, 
giving a higher temperature to the escaping gases, the result 
would have been more decidedly in favour of the larger heating 
snrface of the Galloway boiler, and of both boilers with external 
flues, as compared with the results without them. 

There are cases, however, of boilers having two internal 
furnaces, with combustion chambers, and a number of small 
tubes at back end, which, notwithstanding their greater heating 
surface, cannot be made to generate steam as rapidly or as 
economically as boilers of the simple Lancashire type working 
alongside of them, and having the same external length and 
diameter, thd same grate area, chimney, and description of 
external flues, and other conditions. This unlooked-for result 
can only be ascribed to the decrease of draught and the increased 
quantity of incrustation and soot caused by the more com- 
plicated arrangement of flue way. With a cleaner fuel and 
purer water it is not improbable that the results would be 
reversed. 

There are numerous cases where the additional surface of 
conical and other water tubes is rendered almost useless by the 
amount of incrustation formed in them. The incrustation 
accumulates more rapidly inside these small tubes than on the 
convex surface of the main tubes they are placed in, in spite 
of the circulation, chiefly owing to the greater difliculty found 
in removing the incrustation as it forms, caused by its inac- 
cessibility. Greater pains should therefore be bestowed in 
cleaning out these water tube boilers in order to maintain their 
efficiency. It may be gathered from these last considerations 
that the evaporative result obtained from a new boiler may 
afford no guide to the value of the same boiler after it has been 
iu use some time. 

The comparative amount of hard incrustation is generally a 
pretty sure index of the value of the heating surface on which it 
is found. Where the ebullition is greatest, the amount of hard 
and tenacious scale will be least. This, however, does not apply 
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where the boiling off of the deposifc is impeded by stays or other 
obstacles, such as are found on the crown of some locomotive 
fire-boxes, or in the midst of a nest of closely packed small 
tubes. In some cases where the boiler is not carefully cleaned, 
the line which marks the limit of the greatest ebullition over the 
furnaces of externally fired and internally fined boilers, and in 
the water tubes, may be found pretty sharply defined by the 
variation in the thickness of incrustation, especially where the 
circulation is defective. The change in the colour of the incrus- 
tation caused by the heat when the furnace plates have been 
accidentally left bare of water, with a good fire underneath, some- 
times reveals the fact that the intense heat over the fire, both 
from the radiation of the incandescent fuel and the impinging 
flames, is much greater than the heat imparted by the flame 
alone. The buckling of the plates caused by overheating under 
similar circumstances is usually confined to the crown in front 
of or above the bridge, and is also an indication of the greater 
intensity of the heat at this part. 

The most satisfactory method of determining the efficiency 
of any heating surface is that given by Professor Honkine, which 
is as follows : — 

E S + AF" 

Where E' = the available evaporative power, and E =: the 
theoretical evaporative power of 1 lb. of a given kiud of fuel in 
an ordinary boiler in which S = the total area of heating 
surface, including feed water heater, if any ; F = the number 
of pounds of fuel burnt per hour. A and B are two constants 
found by experience ; A is probably approximately proportionate 
to the square of the quantity of air supplied per lb. of fuel. 
B is a fractional multiplier to allow for miscellaneous losses of 
heat, which, for chimney draught, is here taken at 20 per cent. 

4 
For boilers with chimney draught B = -^ A saa -6 

19 
f» 99 »» forced „ B = — A = -3 

The following are examples of efficiency for different propor- 
tions of boilers and rates of combustion, with chimney draught 
calculated by means of this formula : — 
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Square foot of 

heating eurfaoo 

per lb. of fuel 

per hour. 


1 

Efficiency of 
f\imace. 


Pounds of water 
at 212' evapo- 
rated by lib. 
of coal. 


Pounds of steaia^ 
at«Olb«. pres- 
sure per lb. of 
coal from feed 
at 62*. 


▼ery small 


•50 


•4 


5-6 


4.7 


For Egg-ended 

Cornish, Lancashire, 

and Multitubular 

Boaers. 




•75 


.48 


6-72 


6 7 




1-00 
1-26 
1-50 


•53 

•66 
•60 


7-42 
7-48 
8-4 


6-3 

6-6 
71 




1-76 

200 


•62 
•64 


8-68 
8-96 


7*4 
7 6 


hsi 


r 


8-00 


•69 


9.66 


8 1 




4-00 


•71 


9.94 


8-4 


ForW 

Cello 
Boile 


. 


5-00 
6-00 


•72 
•73 


10-0 
10-2 


8-5 
8^6 



The third and fourth columns give the average rate of OTapo- 
ration of boilers in use, the total heat from 1 lb. of coal being 
taken at 14 lbs. of water evaporated from 212^. With a clean 
boiler, good coal, skilful firing, and introducing the feed water 
at a high temperature, the quantities in column four may be 
increased by from 10 to 30 per cent. ; and on the other hand, 
with a dirty boiler and unskilful attendance they may be 
diminished from 65 to 20 per cent., which is too frequently the 
case, and often causes much disappointment. With the best descrip* 
tions of feed water heaters, or economisers, which utilise the heat 
from the escaping gases on their way to the chimney, and have 
their surface at right angles to the direction of the draught 
kept clear by means of self-acting scrapers, the feed may at 
times be raised to a temperature of 250**, or even more, with a 
corresponding saving in fuel. The area of these economisers 
should be considered in estimating the efiSciency of the total 
heating surface of the boiler. 

The plan sometimes adopted of placing an old boiler or tank 
in the flue between the end of the boilers and chimney to serve 
as a feed water heater, is often attended with very unsatisfactory 
results, owing to the absorbing surface becoming thickly coated 
over with soot when smoky coals are used. There are instances 
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of such feed-ivarmen heating the water to about 212° for the 
first few days after being set to work; but their efficiency 
gradually falls off, and sometimes at the end of a fortnignt they 
are unable to raise the temperature of the water they contain 
beyond 100°, simply owing to the thick non-conducting coating 
of soot they receive. 

There are many Cornish and Lancashire boilers, where due 
attention is not paid to cleaning the flues, working for months 
together with an inch or more of soot on the bottom plates in 
the external flues, and with a large quantity of flue deposit in 
the internal tubes, varying in thickness from that limited by 
the height of the bridge to 6" or 9" at the back end. In fact, 
the usual state of affairs is not much better than this after 
working a few weeks with ordinary descriptions of semi-bitu- 
minous coal, and a great part of the heating surface is rendered 
useless in consequence. 
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CHAt>TER XVI. 

BOILER POWER. 

It must he admiUed that the maimer in which the power of 
a boiler is usually calculated is far from satisfactory. lb has 
long been the custom to estimate boilers by their real or nominal 
horse power. As the nominal horse power of an engine is usually 
based upon the diameter of the cylinder, without regard to 
other conditions, so in boilers the nominal standard of power is 
estimated by their size, without regarding the pressure of steam, 
the efficiency of heating surface, size of grate, rate of combus- 
tion, quality of coal, setting, and frequently the most im- 
portant of all, the condition of the boiler and ability of the 
firemen. Whilst admitting their unsatisfactory nature, we shall 
give some of the rules that have been mostly employed. How- 
ever correct any one of these rules may be for one description of 
boiler, it will give a false result for boilers of a different class, 
or even of the same class, but of different size and proportions. 

Armstrong's rule is to allow one cubic foot of water evaporated 
per hour, one square foot of firegrate area, and one square yard 
of total heating surface per horse power for ordinary coal, and 

!of a square foot of grate for good steam coal, and as little as 
square foot when the best coal only is employed. This rule 
stands H P = ^ (S -]- G) where S = heating surface in yards, 
and G = area of fire grate in feet. Beckoning by superficies 
it is now usual to allow about 15 square feet of heating surface 
per nominal horse power for ordinary factory boilers. For 
multitubular boilers from 18 to 26 square feet of heating surface, 
and from *5 to *85 square feet of grate area. 

Another rule very much used is to allow from 5 to 6 square 
feet of boiler section per H. P. in plain cylindrical boilers, or 

section of Boiler 

U ir 25 — _ 

6 

In Comiiih and Lancashire boilers the sectional area of the 
flue tubes is usually added, and from 6 to 8 square feet pet 
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B. P. is allowed. For example, in a LaiicasHire boiler 7 
feet diameter, 30 feet long, and having 2 fines 2' 9^ diameter, 
we have 375 sqnare feet of section, which divided by 8, gives 
47 H. F. For Galloway boilers 4*5 is usually taken for a 
divisor instead of 6. 

Another rule like Armstrong's is 



HP =>/S X G 

For multitubular boilers the following rule is sometimes 
psed : 

H P = l-Sv'S X (^ ® ^®*°S ^^ yards and 

Gin feet. 

For marine boilers working up to nearly five times their 
nominal horse power — 

H P= •7v/S~x'G 

As the term nominal horse power, according to these rules, is 
so undefined, it is preferable to reckon the power of a boiler by 
the quantity of water it will evaporate. With a moderately good 
engine one half ciibic foot of water, or about 30 lbs., will develop 
1 H. P. (indicated) per hour. With externally fired boilers 
having the proportions between the heating surface and grate 
area between the limits of 10 and 16 to 1, the average evapo- 
rative power may be taken at 1 cubic foot from 18 feet of heat- 
ing surface, or 9 feet per H. P. Egg-ended furnace boilers, 
intensely heated their whole length, have been known to 
evaporate 1 cubic foot cf water fiom 4 square feet of heating 
surface, which is equivalent to 2 square feet per H. P. In 
Cornish and Lancashire boilers, where the proportions between 
the heating surface and grate area are within the limits of 
1 5 and 25 to 1, the evaporative power may be taken at 1 cubic 
foot of water from about 14 square feet of total heating surface, 
or 7 square feet per indicated horse power. 

In multitubular and other boilers where the heating surface 
IS to the grate area as from 30 : 1 to 40 : 1, 9 square feet of 
surface will evaporate 1 cubic foot of water, or require 4^ square 
feet of total heating surf ce per H. P. 

Vertical boilers are usually very wasteful of fuel, but in soma 
eases, where the boiler is in good condition, and the circulation 
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is promoted by well arranged water tubes, they have evaporated 
8 lbs. of water from 60° per 1 lb. of coal, and 1 cubic foot of 
water per hour from 16 square feet of heating surface, and may 
be reckoned at 8 square feet per H. P. ; but 10 or 12 squara 
feet per H. P. are more commonly required. 

In locomotive boilers with forced draught, and the ratio of 
heating surface to grate area between 60 : 1 and 80 : 1, An 
average of 3 square feet of total heating surface per indicated 
H. P. may be taken as an approximation. As we have already 
said, the quality of fuel, rate of combustion, skill of stoker, 
arrangement of furnace, and condition of boiler, will materially 
influence these quantities. 

Suppose we require the size of a Cornish boiler to supply 
steam to an engine having u cylinder 16" diameter and 24" 
stroke, making 60 revolutions a minute, cutting off at one 
quarter stroke, and working at 60 lbs. pressure. Now, without 
taking into account the difference of pressure in the boiler and 
in the cylinder, we shall have the quantity of steam required 
per hour thus :— 162 X "7854 X -25 x 24 x 2 X 60 X 60 
= 5026 cubic feet. This quantity should be increased by at 
least 25 per cent, to allow for )oss of steam in ports, clearance 
of piston, escape at safety valve, and other waste, as well as to 
allow some margin of power; we shall therefore have 6282 
cubic feet as the quantity of steam to be evaporated per hour. 
In table at page 303 we find that at 60 fi»s. pressure 1 cubic 
foot of steam is 353 times more bulky than the water from 
which it is raised, whence the above quantity of steam is 
equivalent to 17| cubic feet, or 1106 9^s., of water evaporated at 
60 lbs. pressure per hour. 

The usual rate of combustion in Cornish boilers is about 12 lbs. 
of coal per square foot of grate area ; and taking the evapora- 
tion at 7-25 lbs. from 60** per lb. of coal, we get 12 x 7*25 
= 87 lbs. of water evaporated per square foot of grate per hour, 
and 1106 -^ 87 = 12| square feet of grate, the area required. 
Fixing the maximum length at 5 feet, the width will be 2' 7', 
which will require a tube of about 2' 9" diameter. Allowing 
6 inches for bottom water space, and 2' 3" from furnace crown 
to shell crown, we have a boiler 5' 6" diameter ; and taking the 
length at four times the diameter, we shall have 22 feet as the 
length. 

Had the area of firegrate required been about 20 square feet, 
it would have been advisable to limit the length of grate to 
4 feet, and to make a Lancashire boiler 7 feet diameter x 28 
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feet loDg, Iiaving two 2' 9" tubes, instead of making tlio grate 
6' 0" X 3' 4", and using a Cornish boiler 6' 0* diameter, with 
a 3' 6* furnace tube. 

Many tests have been undertaken to ascertain the evaporative 
power of different classes of boilers in actual work ; but few of 
these are of any value, owing to the unreliable means usually 
employed to measure the quantity of water evaporated. The 
easiest method, and consequently the one most frequently 
adopted, is to measure the quantity by the difference of its 
height in the water-gauge glass at the beginning and end of the 
trial, and also at intermediate stages. This method is very 
rude and uncertain, since there can be little doubt that in many 
boilers at work the surface of the water is not level, but is 
usually higher over the furnace, or where the greatest ebullition 
occurs. The difference in height at any moment will greatly 
depend upon the intensity of the ebullition which 2s ever vary- 
ing duiing the intervals between firing. With mechanical firing 
the difference of height is probably reduced to a minimum. 

The meters employed for measuring the water are sometimes 
not trustworthy. The only sure method of ascertaining the 
quantity of water evaporated is by actual measurement with a 
cistern or vessel, whose cubic contents are accurately known. 
The quantity of water in the boiler before and after the trial 
should be measured at the same temperature, which should not 
exceed 212° to ensure accuracy. But even when the amount 
of water introduced and the quantity passed off from the boiler 
is accurately ascertained, there yet remains a doubt as to how 
much has been actually evaporated, and how much may have 
passed off in priming, unless the trial has been conducted with 
the boiler open to the atmosphere, which appears to be the only 
condition under which accuracy can be ensured, unless a suitable 
apparatus can be provided for accurately measuring the weight 
and temperature of all the steam and water given off when the 
boiler is working above atmospheric pressure. 

There are very few boilers that do not prime more or less^ 
and the quantity of water passed off in this manner is sometimes 
very considerable, and has led to the impossible results of 
IG and 17 lbs. of water evaporated per lb. of ordinary coal in 
locomotive and water tube boilers being seriously recorded. Ex- 
ternally fired boilers that have given the moderate result of 5 lbs. 
of water per lb. of coal at atmospheric pressure, have shown 
the unexpected result of 10 and 12 lbs. of water evaporated at 
40 lbs. prcfsuro. In fact, unless the amoimt of water passed 
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over witli the steam by priming, when working tinder pressnira, 
can be accurately ascertamed, the evaporative results are not to 
be relied upon, however carefully in other respects the trial may 
have been conducted. 

It is customary to give the quantity of water evaporated from 
a temperature of 212% to which the results of evaporation are 
usually reduced. 

The qaautity corresponding to any temperature of feed water 
and working pressure can readily be found with the aid of the 
annexed table, taken from the '* Encyclopiedia Britannica," 
wherein are presented the relations of the properties of steam, 
as now accepted by the best authorities : — 
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Properties of Saturated Steam. 



Total pr«8. 










RelatiTe 


sure per 


Fi^aMure 
above atmo- 
sphere. 


Sensible 


Total heat in 


Weight of 


volume of 


m«iisured 


temperature 
in Fahren- 


degrees from 
zero of 


one cubic 
foot of 


steam com- 
pared with 


from a 
vacuum. 


heit degrees. 


Fahrenheit 


steam. 


water from 
which it w« 












raised. 


1 


^^ 


1021 


1144-5 


•0030 


20582 


2 


— • 


126-3 


1151-7 


•0058 


10721 


8 


— 


141-6 


1156-6 


•0085 


7322 


4 


— 


153-1 


1160-1 


-0112 


5583 


5 


-— 


162-3 


1162-9 


-0138 


4527 


6 


— 


170-2 


1165-3 


•0163 


8813 


7 


— 


176-9 


1167-3 


-0189 


8298 


8 


— 


182-9 


1169-2 


•0214 


2909 


9 


— 


188-3 


1170-8 


-0239 


2604 


10 


— 


103-3 


1172-3 


•0264 


2358 


11 


— 


197-8 


1173-7 


•0289 


2157 


12 


— 


202-0 


1175-0 


•0314 


1986 


13 


— 


205-9 


11762 


•0338 


1842 


14 


— 


209-6 


1177-3 


•0362 


1720 


14-7 





212.0 


117S-1 


•0380 


1642 


15 


•3 


2131 


1178-4 


•0337 


1610 


16 


1-3 


216-3 


1179-4 


•0411 


1515 


17 


2-3 


219-6 


1180-3 


•0435 


1431 


18 


8-3 


222-4 


1181-2 


•0459 


1357 


19 


4-3 


225-3 


1182-1 


•0483 


1290 


20 


5-3 


228-0 


11829 


•0507 


1229 


21 


63 


230-6 


1183-7 


•0531 


1174 


22 


7-3 


233-1 


1181-5 


•0555 


1123 


23 


8-3 


235-5 


1180-2 


•0580 


1075 


24 


9*3 


237-8 


1185-9 


•0601 


1036 


25 


10-3 


240-1 


1186-0 


•0625 


996 


26 


11-3 


242 3 


1187-3 


•0650 


958 


27 


12-3 


244-4 


1187-8 


•0673 


92<) 


28 


13-3 


2464 


1188-4 


•0696 


895 


29 


14-3 


248-4 


1189-1 


•0719 


866 


80 


15-3 


250-4 


11898 


•0743 


838 


81 


16-3 


252-2 


1190-4 


•0766 


813 


82 


17-3 


25J 1 


1190-9 


•0789 


789 


33 


18-3 


265-9 


1191-5 


•0812 


767 


34 


19.3 


257-6 


1192-0 


•0835 


746 


35 


20-8 


259-3 


1192-5 


•0853 


72(5 


86 


21-3 


260-9 


11930 


•0881 


707 


37 


22-3 


262-6 


1193-5 


•0905 


688 


8S 


23-3 


264-2 


11940 


-0929 


671 


39 


24-3 


265 8 


1194-5 


-0352 


655 


40 


25-3 


267-3 


1194-9 


-0971 


640 



804 



A TBEATISE ON STEAM BOILERS. 



Properties of Saturated Steam. 
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sure per 
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41 


26-8 


268-7 


1195-4 


-0996 
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42 


27-3 


270-2 


1195-8 


•1020 


611 


43 


28 3 


271-6 


1196-2 


-1042 


698 


44 


29-3 


273-0 


1196-6 


•1065 


686 


46 


30-3 


274-4 


1197-1 


-1089 


672 


46 


31-3 


276-8 


1197-5 


•1111 


661 


47 


32-3 


277 1 


1197-9 


-1133 


650 


48 


83-3 


278-4 


1198-3 


•1156 


639 


49 


84-3 


279-7 


1198-7 


-1179 


629 


60 


85-3 


281-0 


1199-1 


•1202 


618 


61 


36-3 


282-3 


1199-5 


•1224 


609 


62 


87-3 


283-6 


1199-9 


-1246 


600 


63 


88-3 


284-7 


1200-3 


•1269 


491 


64 


39-3 


286-9 


1200-6 


•1291 


482 


66 


40-3 


287-1 


12010 


•1314 


474 . 


66 


41-3 


288-2 


1201-3 


•1336 


466 


67 


42-3 


289-3 


1201-7 


•1364 


458 


68 


43-3 


290-4 


1202-0 


•1380 


451 


69 


44-3 


291-6 


1202-4 


-1403 


444 


60 


45-3 


292-7 


1202-7 


-1425 


437 


61 


46-3 


293-8 


1203-1 


•1447 


430 


62 


47-3 


294-8 


1203-4 


-1469 


424 


63 


48-3 


296-9 


1203-7 


-1493 


417 


64 


49-3 


296-9 


1204-0 


•1516 


411 


65 


60-3 


298-0 


1204-3 


•1538 


405 


66 


61-3 


299-0 


1204-6 


-1560 


399 


67 


62-3 


800-0 


1204-9 


•L583 


393 


68 


63-3 


300-9 


1205-2 


-1605 


388 


69 


64-3 


301-9 


1205.5 


•1627 


383 


70 


66-3 


302-9 


1205 8 


-1648 


878 


71 


66-3 


303-9 


1206-1 


•1670 


378 


72 


67-3 


804-8 


1206-3 


.1692 


868 


73 


68-3 


805-7 


1206-6 


•1714 


363 


74 


69-3 


806-6 


1206-9 


-1736 


369 


76 


60-3 


807-5 


1207-2 


-1759 


353 


76 


61-3 


308-4 


1207-4 


-1782 


849 


77 


62-3 


809-3 


1207-7 


-1804 


846 


78 


63-3 


810-2 


1208-0 


-1826 


841 


79 


64-3 


311-1 


1208-3 


-1848 


887 


80 


65-3 


812-0 


1208-6 


-1869 


833 


81 


66-3 


312-8 


1208-8 


•1891 


829 
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Properties of Saturated Steam. 













BelatlT* 


Totelprei- 
sure per 

iquare inch 

lueasured 

flroma 


FrasMiure 

aboTo atmo- 

apher.. 


Sensible 
temperature 

in Fahron- 
heit degrees. 


Total heat in 
degrees from 

Eeroof 
Fahrenheit 


Weight of 

one cubic 

foot of 

steam. 


Tolume of 
steam com. 
pared with 
water from 
which it was 


Ticuuin* 










raised. 


82 


67-8 


313-6 


1209-1 


•1913 


325 


83 


68-3 


814-5 


1209-4 


-1935 


821 


84 


69-3 


315-3 


1209-6 


•1957 


318 


85 


70-3 


81'il 


1209-9 


-1980 


814 


86 


71-3 


31G-9 


1210-1 


-2002 


311 


87 


723 


3178 


1210-4 


•2024 


808 


88 


73-3 


318-6 


1210-6 


.2044 


805 


89 


74-3 


819.4 


1210-9 


•2067 


801 


90 


75-3 


820 2 


1211-1 


•2089 


298 


91 


76-3 


321 


12118 


•2111 


295 


92 


77 3 


321-7 


1211-5 


•2133 


292 


93 


78-8 


822-6 


1211-8 


.2155 


289 


94 


79-3 


823-3 


1212-0 


•2176 


286 


95 


80-3 


824-1 


1212-3 


-2198 


288 


96 


81-3 


324-8 


1212-5 


•2219 


281 


97 


82-3 


325-6 


1212-8 


•2241 


278 


98 


83-3 


326-3 


1213-0 


•2263 


275 


99 


84-3 


3-27 1 


1213-2 


•2285 


272 


100 


86-3 


827-9 


1213-4 


•2307 


270 


101 


86-3 


328-6 


1213-6 


•2329 


267 


102 


87-3 


829-1 


1113-8 


•2351 


265 


103 


88-3 


829-9 


12140 


•2373 


262 


104 


89-3 


830-6 


1214-2 


•2393 


260 


105 


90-3 


331-3 


1214-4 


•2414 


257 


106 


91-8 


331-9 


1214-6 


•2435 


255 


1U7 


92-3 


332-6 


1214-8 


•2456 


253 


108 


93-3 


333-3 


12150 


-2477 


251 


109 


943 


834-0 


1215-3 


•2499 


249 


110 


95-3 


834-6 


1216-5 


•2521 


247 


111 


96-3 


835-3 


1215-7 


•2543 


245 


112 


97-3 


836-0 


1215-9 


-2564 


243 


113 


983 


836-7 


1216-1 


•2586 


241 


114 


99-3 


337-4 


1216-3 


•2607 


239 


115 


100-3 


338-0 


1216-5 


•2628 


237 


116 


101-3 


338-6 


1216-7 


•2649 


235 


117 


102-3 


889-3 


1216-9 


•2674 


283 


118 


103 3 


339-9 


1217-1 


•2696 


231 


119 


104-3 


340-5 


1217-3 


•2738 


229 


120 


l(i5-3 


341 1 


1217-4 


-2759 


227 


121 


106-3 


841-8 


1217-6 


•2780 


225 


122 


107-3 


842 4 


1217 8 


•2801 


224 
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Froperties of Saturated Steam, 



Total pres- 
1 sure per 


Pressure' 


ScnslMe 


Total heat In 


Weight of 


Belatiye 
Volume of 
steam com* 
pared with 


square inch 
measured 


above atmo- 
sphere. 


temperature 
in Fahren- 


degrees from 


one cubic 
foot of 


from a 
vacaum. 


heit degrees. 


Fahrenheit 


steam. 


water from 

whicb it wns 

raised. 


123 


108-3 


343-0 


12180 


•28-22 


222 


124 


109-3 


343-6 


1218-2 


•2845 


221 


125 


110-3 


344-2 


1218-4 


•2367 


219 


126 


111-3 


344-8 


1218-6 


•2889 


217 


127 


112-3 


345-4 


1218-8 


•2911 


215 


128 


113-3 


346-0 


1218-9 


-2933 


214 


129 


114-3 


346-6 


1219-1 


•2955 


212 


130 


115-3 


347-2 


1219-3 


•2977 


211 


131 


116-3 


347-8 


1219 5 


-2999 


209 


132 


117-3 


348-8 


1219-6 


-3020 


208 


133 


118-3 


848-9 


1219-8 


-3040 


206 


181 


119-3 


849-5 


1220-0 


•3060 


206 


135 


120-3 


350-1 


1220-2 


•3080 


203 


186 


121-3 


850-6 


1220-3 


-3101 


202 


137 


122-3 


351-2 


1220-5 


•3121 


200 


138 


123 3 


S51-8 


1220-7 


•3142 


199 


139 


124-3 


352-4 


1220-9 


•8162 


198 


140 


125-3 


852-9 


1221-0 


•3184 


197 


141 


126-3 


358-6 


1221-2 


•3206 


195 


142 


127-3 


354-0 


1221-4 


•3228 


194 


143 


128-3 


354-5 


1221-6 


•8250 


193 


144 


129-3 


355-0 


1221-7 


-3278 


192 


145 


130-3 


355-6 


1221-9 


-3294 


190 


146 


131-3 


356-1 


1222-0 


•3315 


189 


147 


132-8 


856-7 


1222-2 


•3336 


188 


148 


133-3 


357-2 


1222-3 


•3357 


187 


149 


134-3 


357-8 


1222-6 


•3377 


186 


150 


135-3 


858-3 


1222-7 


-3397 


184 


155 


140-3 


361-0 


1223-5 


•3500 


179 


160 


145-3 


863-4 


1224-2 


-3607 


174 


165 


150-3 


366 -0 


1224-9 


•3714 


169 


170 


155-3 


368-2 


1225-7 


•3821 


ie4 


175 


160-3 


370-8 


1226-4 


•3928 


159 


180 


166-3 


372-9 


12-27-1 


.4035 


155 


185 


170-3 


375-3 


1227-8 


•4142 


151 


190 


175-3 


377-6 


1228-5 


•4250 


143 


195 


180-8 


379.7 


1229-2 


•4357 


144 


200 


185-3 


381-7 


1229-8 


-4464 


. 141 


210 


195-3 


386 


1231-1 


•4668 


135 


220 


205.3 


389-9 


1282-8 


-4872 


129 


230 


215-3 


393-8 


1233-6 


•5072 


123 
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Properties of Satwrated Steam, 




Total pres- 

Btire per 

fiquare iocb 

measured 

fruma 

yacuum. 


Pressure 
above atmo- 
sphere. 


Sensible 
temperature 
in Fahren- 
heit degrees. 


Total beat in 
degrees from 

zero of 
Fahrenheit. 


Weighted 

one cub5fj 

foot of 

steam. 


BolatiTe 
Tolume of 
stearn cum- 
poredwitb 
water from 
which it was 
nused. 


240 
250 
260 
270 
280 
290 
300 


225-3 
235-3 
245-3 
255-3 
265-3 
275^3 
286-3 


397-5 
401-1 
404-6 
407-9 
411-2 
414-4 
417-5 


1234^6 
1235-7 
1236-8 
1237-8 
1238-8 
1239-8 
1240-7 


•5270 
•5471 
•5670 
•6871 
•6070 
•6268 
•6469 


119 
114 

110 

106 

102 

99 



Here we see that at 212° the total quantity of heat in the steam 
is 1178** •!, which gives a difference of 966°-l. This heat, 
usually termed latent, is absorbed in performing the work of 
expanding the particles of ^ater from the solid to the gaseous 
state. NoWy suppose the water is evaporated at 60 lbs. pressure, 
the st«am will have a temperature of 307% and a total heat of 
1207^ If the feed has been introduced at 60% it is evident 
that 1147°' of heat have been imparted. As the amount 
evaporated is inversely proportional to the quantity of heat 
required, we have 1147 -r 966 = 1 •2. Multiplying by this 
factor, the quantity evaporated at 60 lbs. pressure from 60% 
we obtain the amount that would be evaporated at 212° by tho 
same quantity of fuel. 

By the same table can be ascertained the comparatively small 
increase of heat required to evaporate water ai higher pressures. 
Suppose we take water evaporated at 45 lbs. pressure from a 
feed temperature of 60°, then each lb. of water will require 
1202^7 — 60 = 1142^7° for its conversion into steam. If we 
take the pressure at 100 lbs. we shall have 1 210 '9—60=1 
1156*9° as the quantity required. The difference between these 
two total quantities is only 14-2°, and is so small as to be scarcely 
Krorth considering. Leaving out of account the loss due to the 
slight reduction of the conducting power of the material, the 
increased amount of heat required for the higher pressure will 
be only 3^^ of the total heat required at 60 lbs. With an 
evaporation of 7 lbs. of water from 1 lb. of coal, it will be ob- 
tained by using 3^ ^ more fuel, or about 1 lb. in about 5^ cwt. ^ 
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a quantity not appreciable in the ordinary modes of weighing 
ooaL The economy is then manifest of using steam of high 
pressure, when at the same time advantage is taken of the 
facilities it offers for working expansively in the cylinder. 

The saving that may be effected by heating the feed water 
may be shown as follows : — If we take the normal temperatare 
of the feed water at 60^, the temperature of the heated water at 
212"^, and the boiler pressure at 20 lbs., the total heat imparted 
to the steam in one case is 1192'''5 — 60®== 1132'' 5, and 
in the other case 1192*5 — 212 = QSO'^^'D, the difference being 
152% or a saving of ytHs '^ ^^'^ P®^ ^^^ 

If the pressure be taken at 120 lbs. instead of 20 lbs. the 
saving will be 13*1 per cent., showing a slight diminution in the 
economy effected by heating the water when a high pressure in 
the boiler is employed. 

The loss from blowing off when fresh water is used may be 
found as follows. Supposing the ratio of the quantity of water 
evaporated to that blown out is 10 : 1, we have with a pressure 
of 20 lbs. and a feed temperature of 100** — 

Evaporated 10 (1192''-5 — 100<^ = 10925 heat units 
Blown out 1(259-3 — rD0V=__159;3 „ „ 
Total = 11084-3 „ „ 

showing a loss of only 1*4 per cent, of the total heat imparted. 

With a pressure of 100 lbs. we should have a corresponding 
loss of 2 per cent 

The effect of the presence in a liquid of any substance in 
solution is to resist ebullition, and to raise the boiling point. 
In ordinary fresh water the slight increase in the elevation of 
temperature, due to the presence of salts in solution, Ib generally 
disregarded ; but in salt water, partiaUy saturated, the increase 
is of some practical importance. The boiling point of saturated 
brine is 226% and that of weaker brine is higher than the boiling 
point of pure water by 1*'*2 for each -^^ of salt the water con- 
tains. The quantity contained by average eea water is usually 
taken as ^y The loss of heat by blowing out when salt water 
is used can easily be calculated for any pressure and degree of 
saltness. Assuming the temperature of the feed water to be 
105% at a pressure of 20 lbs., and a saltness of -^^ the tem- 
perature of the water in the boiler will be 261'*7, the corre- 
sponding total heat of the steam being 1194 '9, and the quantity 
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of water to be blown out is equal to the qaantity evaporate'L 
We have then : — 

For evaporation 1 (1194*' 9 — 105°) = 1089-9 heat units, 
blown out 1 ( 261? - 1 05)= 156 ? „ „ 
Total = 1246-6 „ „ 
Consequently the heat lost by blowing out isyfl'^.^ or 12.G per 
cent, of the total heat imparted. 

In the same manner it will be found for a degree of satura- 
tion of -j^, when the quantity of water to be blown out will be 
*5 the quantity evaporated, that the loss of heat by blowing off 
Villi be only 6*7 per cent, of the total heat imparted. 



CHAPTER XVII. 
BURSTING AND COLLAPSING PRESSURES OF CYLINDERS. 

BUBSTINQ PfiESSURE. 

Th£ following table of the streugth of cyliiulrical shells to 
resist internal bursting pressure in a direction parallel to their 
axis is calculated by this approximate formula — 

^ "• D. 

where P = bursting pressure in lbs. per square inch, 
T = thickness of cylinder in sixteenths, 
D z= diameter of shell in quarter feet, 
c = a constant, being, 

1097 for single riveting ) ... 

1372 for double riveting / '^"sHt iron, 
1723 for single riveting ) x 5 
3156 for double riveting] ^ ^^ 
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CoLiAPscNO Pksssuhes. 

The following tables give the strengtli of tubes of perfectly 
circular form, or not more than about the thickness of plate 
fVom the true circle. As the shape of long tubes, especially 
VI hen of large diameter, is very irregular, and liable to undergo 
a gradual change, from the heat being applied chiefly at the 
crown, and from the resistance to expansion caused by rigidity 
in the end plates, to say nothing of the sudden distortion 
likely to arise from incrustation and the use of thick or greasy 
water, a large factor of safety should be allowed for the 
blowing-oil pressure of the boiler. This should in no case b3 
less than 4, and in new boilers, in which the pressure is so 
often after a time increased, a factor of not loss than 6 should 
always be allowed. 

The tables are calculated by this approximate formula— 

262-4 X T3 



LX B 



P s= collapsing pressure in lbs. per square incb| 
T =s thickness of tube in thircy-secondsi 
L = length in feet, 
D = diameter in quarter feet. 

^o^e. — It is obvious that the strength of a tube to resist 
collapse cannot exceed the crushing strength of the material, 
and the application of Fairbaim*s rule is limited 'by the crushing 
strength of the material. Taking the resistance of plates to a 
crushing pressure at 12 tons per squai-e inch, wo have 

P = 806, 300 K' _ 53760 x K ' 

LD ^ D 

Trhenoe L s K x 15, 

cr the crushing strength and collapsing strength by Fairbaiin's 
rule are equal when the length of tube in feet is equal to tha 
thickness in inches multiplied by 15. It is, however, probable 
that the collapsing pressure of short tubes is much less than 
this, and 8 instead of 15 might be nearer the mark. Further 
experiments are requirod to decide this. 
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APPENDIX. 



Riveting (p. 52). The ordinary forms and proportions 
of rivets as given by Unwin ate represented in Figs. 
26 to 30. Dotted lines represent full length of rivets be- 
fore being headed up. Figs. 26 and 27 shov e forms 





FiG. 26. Fio. 27. 

Unit = Diameter of Hole. 



commonly used in hand riveting, the heads being pro- 
duced by blows from a hand hammer ; Fig. 26 is the 
common cone head ; while Fig. 27 shows a snap or cup 
head produced by the use of a set. Figs. 28 and 29 repre- 





—JT — A 

Fig. 28. Fio. 29. 

Unit = Diameter of Hole. 

sent the forms and proportions generally used in machine 
riveting ; it will be noticed that the edges of the hole 
in both plates are chamfered in Fig. 29. Fig. 30 shows 
a countersunk rivet used where flat surfaces are required 
for mountings. 
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Figs. 31, 32, 33, and 34 give the forms of joints com- 
monly used in boiler work, and need little explanation — 
the unit of reference being the diameter of the rivet. 

Figs. 32 and 34 show a single-riveted and a double- 
riveted butt joint, respectively, with single covering 
strip, but the dimensions are the same as for a joint 
with double covering strips ; the latter form of joint, 
however, is just twice as strong as the former, as with 
two fish-plates the rivets are placed in double shear. 

Machine Eiveting (p. 55). Much has been said on 
both sides of the question of machine riveting, and 
although generally recognized as superior to hand wort:. 




Fio. 80.— Unit = Diameter of Hole. 

many good boiler shops still use the old method of hand 
riveting, failing to perceive any advantage in riveting by 
machinery. This is doubtless due, in a great measure, 
to the careless and imperfect work often turned out by 
incompetent workmen in charge of the machine. The 
following from the pen of Mr. J. M. Allen, with the 
author's permission, is taken from the Locomotive : 

" Some months ago I prepared an illustrated article 
for the Journal of Commerce, on machine riveting. My 
object was not to condemn machine riveting, but to call 
the attention of boiler-makers who use riveting machines 
to the fact that unless such machines were under the 
management of skilful men, very poor work might be 
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Fio. 81. 
Single-riyeted Lap Joint. 



Fio. S3. 
Single-rivetod Butt Joint. 
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Fio. 83. Fio. 34. 

Double-riveted Lap Joint. Double-riveted Butt Joint with Single 

Staggered Rivets. Cover-plate. Chaiu-riveted. 

Examples of Riveted Joints. 
Unit d = diameter of rivet hole. 
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turned out. It was shown that the failure to so adjust 
the parts that the axes of the moving cup-shaped die, 
fixed die, and rivet hole were coincident would result 
in forming the head on one side of the body of the rivet. 
The illustrations, made from rivets in this office, could 
not fail to convince any careful observer of the necessity 
of great care in the use of the riveting machine. When 
business is driving and the boiler-maker is overwhelmed 



;^,^ 




Fig. 87. 

with orders, he finds the riveting machine of great ser- 
vice, because the work can be so much more rapidly 
done by it, and it is just here that the liability to 
carelessness comes in. With due care in adjuf^tmfvpj, 
there is no doubt but that a very e5ective,^x will say 
superior, joint can be made by a riveting 2?iachine, 

*' I introduce here illustrations o^ three rivets which 
have come into my possession bid/Jq the last article was 
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written. Figs. 35, 36, and 37. They only famish addi- 
tional evidence that the proper adjustment of the ma- 
chine and the work to be done is sometimes overlooked. 

''The question has been raised as to whether the 
great force with which the rivet is driven will not tend 
to so enlarge or expand the body of the rivet as to en- 
danger that portion of the plate extending from the 
rivet holes to the edge ; that is, start a fracture from 
the holes outward. I have watched for this defect, but 
have failed to detect it. I am told, however, that 
others have satisfied themselves that it is sometimes true. 
If it is so, may it not result from using a rivet of too 
great length for the thickness of plate ? 

" We can readily see that when the rivet is driven, any 
excess of metal must find a place for itself somewhere. 
My own observations have been that, under such cir- 
cumstances, it flows out underneath the face of the die, 
forming a fin, as shown by the following illustrations. 




Fig. 38. 



Fio.89. 



Figs. 38 and 39. It has been said that a fin could not be 
formed on a rivet head made by a machine. But sup- 
pose we have a rivet containing more than metal suflficient 
to fill the rivet hole and the ciip-shaped dies ; it must 
flow somewhere, and. it will go in the place of least re- 
sistance, which will be out underneath the face of the die. 
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This point of relief is to my mind snfficient to prerent 
any damaging strain being brought npon the plates from 
the enlarging of the body of the rivet. But it is well 
to bear in mind that the rivets should be adapted in 
length to the thickness of the plate, and to the capacity 
of the cup-shaped die or dies. In hand riveting, an 
excess of metal is disposed of by distributing it over a 
larger area, or by giving the apex of the head greater 
altitude above the plate. In machine riveting the shape 
and size of head are determined by the die.*' 

Calking (p. 61). In boiler construction calking is an 
upsetting process by which the edge of a plate is brought 
into metallic contact with the one beneath it. The ob- 




Fio. 40. 

ject being simply to close up the pin-holes and produce 
a stop-water, it is readily seen that hard driving is rather 
an injury than a benefit, as it is apt to produce a score or 
groove in the lower plate— often the forerunner of a 
dangerous fracture when the boiler is strained by changes 
of temperature. This is particularly so when the calk- 
ing chisel has a sharp comer — which, however, should 
never be the case. 

The two prominent forms of calking now in use are 
the square and the concave. Figs. 40, 41, and 42 show 
three joints and the calking tools for producing same. 
Fig. 40 is the easiest tool to work and to keep in shape, 
but it has the disadvantage above referred to of scoring 
he plate. The sharp corner is first driven into the 
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edge of the plate to '' split*' it, then the tool is turned 
over and the lower portion is driven against the adjacent 
plate, as shown. 




FiQ. 41. 

Fig. 41 is the same as Fig. 40 except that the comer 
of the tool is slightly rounded to prevent its cutting or 
marking the under plate. 

Fig. 42 is a form of calking patented by Mr. J. W. 
Oonnery, of Philadelphia, and commonly called " con- 
cave calking*' from the appearance of the finished joint. 
The object of calking being to close up the seams of a 
boiler after riveting, without scoring the lower plate, this 




Fia. 43. 

object is best accomplished by using Connery's method. 
The tool as shown in the figure is made with a semi- 
cylindrical end, which is driven into the bevelled edge of 
the plate, producing a compression of the metal and 
forming a concave depression, the lower edge of which 
is prolonged by the flow of metal, thus producing a 
long bearing effectually closing the seam without injury, 
as the tool does not even come in contact with the lower 
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plate. Fig. 43 illustrates the difference in effect of 
the ordinary method and the concave system of calking. 
After calking the seam with both tools, the plate is bent 
to determine the amount of injury it has received during 
the process. On the left is shown the effect of the con- 
cave method. Upon bending over the plate it is seen to 
be perfectly sound and entirely free from notches or 
any other marks of the tool. With the ordinary method 
of calking, however, the old style of tool produces a 
slight indentation along the edge of the lap in the 
lower plate, which when bent down has cracked open at 
the seam, as seen upon the right. By this method a 
dangerous groove is apt to be produced either by the 
tool or the sharp compressed edge of the lap, the latter 




Fig. 43. 



being more liable to occur after working some time, 
caused by the flexures which arise from the changing 
temperatures to which the boiler is subjected. 

Connery^s method has been very generally adopted by 
locomotive builders, and is used to a limited extent by 
other makers of steam-boilers in the United States. 
The Baldwin Locomotive Works indorse this method 
very highly and write :* *^It has been in continuous use 
in our works since its first adoption some years ago." 

A form of calking used in some localities, but not 
generally recommended, is known as " beading." This 
is a process by which the ends of boiler tubes are rounded 
over after they have been expanded into the tube-sheet 

* Jan. 1889. 
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by one of the many forms of tube-expander. The form 
of tool (called a boot tool) used for heading, and the 
different stages in setting a boiler tube by this method, 
are shown in Figs. 44 and 45. 




Fio.44. 




Fig. 45. 

Proportions for Eiveted Joints (pp. 81, 82, 84). The 
tables of proportions given by Mr. Wilson are somewhat 
different from those used in the best establishments in 
this country. For the same thickness of plate, the 
diameter of rivet and also the pitch is larger in the 
best American practice, as will be seen from the follow- 
ing table.* 

*LoeonioU've, 1882. 
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Table op Pkopobtions for Riveted Lap Joints. 



Thickness 


Diam. of 
Rivet. 


Diam. of 
hole. 


Pitch. 


Elficiencj. 


of plate. 


Single. 


Double. 


Single. 


Double. 


i" 


*" 


H" 


2" 


8" 


.66 


.77 


A 


{i 


I 


2A 


3i 


.64 


.76 


f 


i 


H 


2i 


8i 


.63 


.75 


A 


« 


i 


2A 


81 


.60 


.74 


i 


1 


H 


2i 


8J 


.58 


.73 



For steel plates and steel rivets, or iron plates and iron 
rivets, the efficiency of joint is as given ; but to obtain 
the same percentage of strength when using iron rivets 
with steel plates, the diameter of rivet should be increased 
one sixteenth of an inch. 

The above table gives the proportions for thicknesses 
of plate used in ordinary boiler construction. For plates 
more than i" thick a butt joint with double fish-plate 
should be used. 

Prof. Alex. B. W. Kennedy has recently been making 
an extended course of experiments on plates and riveted 
joints for the British Institution of Mechanical En- 
gineers, the results showing that larger pitches and larger 
rivets than those generally used are desirable and make 
stronger joints. 

Two hundred and ninety experiments* were made; 64 
on punched and drilled plates, 97 on actual joints, 44 on 
the tenacity of the plates used in the joints, 33 on the 
tenacity and shearing resistance of the rivet steel used 
in the joints, and the remainder on various other matters 
connected with them. 

Besides these, 33 additional experiments f were made 

* See Excerpt Minutes Proc. Inst. M. E., May 1886. 
flbid., Oct. 1888. 
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on double-riveted lap and butt joints with thicker plates 
and larger rivets closed under heavier pressures. 

The plates upon which the experiments were made were 
of soft steel, having a tenacity of from 62,000 to 67,000 
pounds per square inch, with an extension of 23 to 25 
per cent, in a length of 10 inches ; the limit of elasticity 
of the metal being generally about 60 per cent, of its 
ultimate resistance. 

The main conclusions drawn from these experiments 
are the following : 

The metal between the rivet-holes has a considerably 
greater tensile resistance per square inch than the same 
plate before being perforated. This excess tenacity 
amounted to more than 20 per cent, when the pitch of 
the rivets was about 1.9 diameters, and with a pitch ^.8 
diameters the excess was about 8 per cent. By anneal- 
ing the plates after punching or drilling the tenacity 
was reduced only 3^ per cent. 

The shearing resistance of the rivet steel is a much 
more variable quantity than the tenacity of steel plate. 
Additional experiments show distinctly that the ratio of 
shearing resistance to tenacity is not constant, but 
diminishes very markedly and not very irregularly as the 
tenacity increases. In single-riveted joints the shearing 
resistance was found to be about 50,000 lbs. per square 
inch, and for double-riveted joints the resistance was 
about 54,000 lbs. per square inch. 

The size of the rivet heads and ends plays a most im- 
portant part in the strength of the joints. An increase 
of about one third of the weight of metal in the heads 
and ends was found to add about 8^ per cent, to the 
resistance of the joint ; the additional strength being 
due probably to the prevention of the distortion of the 
plates by the great tensile stress in the rivets. 

In a limited number of tests it was shown that the 
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strength of a joint made across a plate is equal to that 
of one made in the usual direction. 

The intensity of bearipg pressure on the rivets exer- 
cises^ with joints proportioned in the ordinary way, a 
very important influence on their strength. 

A margin (or net distance from outside of holes to 
edge of plute) equal to the diameter of the drilled hole 
has been found sufficient in all cases. 

Visible slip or •'give*' occurs always in a riveted joint 
at a point very much below its breaking load, and by no 
means proportional to that load. 

The value of hydraulic riveting as compared with 
hand-riveting, in cases when sound hand-riveting is pos- 
sible, lies mainly in the fact that it doubles the load at 
which the slip of a joint commences. 

The question of friction in the joint, which has not 
been specially experimented on, no doubt comes in in 
the same way. The friction induced by the rivet will 
affect the point at which slip commences, but can hardly 
have much, if any, relation to the breaking load. 

It is thought that the load at which visible slip com- 
mences is probably proportional to the load at which 
leakage would begin in a boiler. Looked at in this 
way, it will be seen that the great value of hydraulic 
riveting appears to lie rather in the increased security 
and stiffness it gives at ordinary working loads than in 
any actual raising of the breaking load. 

The experiments point to very simple rules for the 
proportioning of joints of maximum strength. Assum- 
ing that a bearing pressure of 96,000 lbs. per square inch 
may be allowed on the rivet, and that the excess tenacity 
of the plate is 10 per cent, of its original strength, the 
diameter of the hole (not the diameter of the cold rivet) 
should be 2^ times the thickness of the plate ; and the 
pitch of the rivets 2| times the diameter of the hole. 



This gives a mean plate area 71 per cent, of the rivet 
area. 

For* double-riveted lap joints with the same ratio of 
diameter of rivet-hole to thickness of plate, the ratio of 
pitch to diameter of rivet-hole should be from 3.64 to 
3.82. 

For double-riveted butt joints of maximum strength 
the diameter of rivet-hole should be about 1.8 times the 
thickness of the plate, and the pitch should be 4. 1 times 
the diameter of the hole. 

From the above proportions the writer has calculated 
the tables on page 334. 

By comparing these with the tables given by tlie 
Hartford Steam Boiler Inspection and Insurance Co. 
(see page 330), it will be seen that the values corre- 
sponding to a I inch plate are nearly the same for lap 
joints, but that a larger diameter of rivet and a greater 
pitch is required for heavier plates in the tables just 
given. It will also be noticed that the proportions given 
for double butt joints are, for thick plates, much greater 
than those found in practice. 

When a smaller rivet is desirable Prof. Kennedy 
recommends that the pitch, for sipgle-riveteid lap joints, 
be obtained |rom the following formula : 






where, as before, d is the diameter of rivelj-hole. The 
mean value of the constant a found by these jsxperiments 
is 0.56, so that the formula becomes j 

t 
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SmoLB AND Double Riveted Lap Joints. 



Thickness 
of plate 


Diameter of 
rivet-hole. 




Sinele lap. 


DniiMe lap. 


i" 


it" 


If" 


2A" 


A 


u 


u 


31 


1 


i 


2A 


8i 


A 


1 


2A 


3H 


i 


lA 


3t 


4f 



Double Butt Joints. 



Thlckneas 
of plate 


Diameter of 

rivet-hole, 

d = 1.8t. 


Pitch 
of rivets, 
p = 4.1d. 


::• r 


H" 


2f" 


A 


u 


8i 


i 


It 


81* 


A 


1 


4i 


* 


H 


4* 


H 


li 


5 


i 


1* 


5i 


« 


H 


6 


1 


lA 


6i 


tf 


IH 


6}f 


1 


m 


71 



Tables computed^ from Kennedy's Experiments. 
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For double-riveted lap joints the pitch may be obtained 
from 

p = 1.15^ + d. 

When it is desirable to use a smaller rivet in double 
butt joints, the best pitch to use for any assumed diame- 
ter of hole is 4.1 times the diameter of the latter. 

The tables just given have been calculated for the 
maximum strength of joint in steel plates, and must not 
be understood as representing the most suitable form and 
proportions of joint for steam-boilers generally. It is 
hardly necessary to point out how strongly these figures 
indicate the advantage of using as large rivets, and con- 
sequently as large pitches, as possible, consistent with 
good workmanship. 

Although the pitches given in the table on page 330 
are wider than those often used in practice, experience 
has shown, where these proportions have been adopted by 
boiler-makers, that perfectly tight joints can be, and 
are, made with less calking and with less work than with 
the narrower pitches which formerly obtained. 




Fio. 46. 



Connecting Plates (p. 92). Fig. 46 shows a common 
form of connection for plates at right angles, and is 
often used to connect the end plate to the shell. The° 



m 



A tRfiAflSE OK ^TEAM-fiOlLEIlS. 



angle-irons are rolled of a great variety of sizes, but no 
general rule can be given for the size to be used in any 
particular joint. Generally the mean thickness of the 
angle-iron is about equal to or a little greater than that 
of the plates to be connected. 

The width of angle-iron flange may be 4d, where d 
equals the diameter of rivet, and the overlap from cen- 
tre of rivet may be 1.7 d. 

In terms of the thickness, d may equal .8^ -f |^. 
That part of the angle-iron which forms the angle is 
called the root. 

Figs. 47, 48, and 49 represent different methods of 
connecting plates by flanging the sheets themselves or by 




Fig. 47. 



Fio. 48. 
End plate Connections. 



Fio. 49. 



a curved plate connection. Extra good iron, made from 
the best scrap, should be used for all flanging, and the 
curvature at the bend should be at least four times the 
thickness of the plates. For the ordinary sizes of plate 
— 1^ iV*^ ^^^ V — ^^ internal radius of 2" may be used, 
as experience has shown that with this curvature good 
flange-iron is not injured by bending, as in forming a 
flange. The minimum width of overlap should be three 
times the diameter of rivet. 

In flanging an end-plate a cast-iron ''former^' is gen- 
erally used, large enough to shape the whole plate, which 
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is heated in an open fire and then hammered with wood- 
en mauls over the former into the desired shape. When 
small blocks, corresponding in shape to a portion of the 
former, are employed for this purpose, the expense of 
flanging in cost of time and fuel is far in excess of the 
cost of making a full sized former, and the character of 
the work is far less satisfactory than when the first 
method is used. 

Probably the best method of flanging — that which in- 
jures the plates least — is a process of forcing the heads 
into shape while cold by hydraulic pressure. Machines 
for doing this work have been in successful operation 
for many years past, but the cost of the dies and requi- 
site plant has prevented their general use. Machines 
have also been constructed to flange the sheet gradually 
as in the process of hand flanging. 

In this case a portion of the plate is heated, and while 
it is held in position by one ram, another descends and 
bends it over a block to the required curvature ; while 
a third ram at right angles to the others squares up the 
flange after it is bent ; this process is repeated until the 
whole plate is flanged. 

Great uniformity is secured by machine flanging, and 
much time will be saved over hand work, if the output 
be large, both in flanging and in putting the boilers to- 
gether. 

Staying (p. 95). Fig. 50 illustrates a common form of 
fire-box stay, which is screwed through both plates, then 
riveted over. To give warning of fracture, which is 
liable to occur in the stay-bolt, a small hole, one sixteenth 
or one eighth inch in diameter, is sometimes drilled in the 
end, so that if fracture occur warning is given by the 
leakage which ensues. Wrought-iron and soft steels are 
now used almost altogether in this country — ^and when 
not exposed to the direct action of the flame are often 
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provided with nuts and washers instead of being screwed 
into the shell. 

Experiments for determining the strength and hold- 
ing power of screw stay-bolts for boilers were made un- 
der the direction of the Bureau of Steam Engineering 




Fig. 50.— Fire-box Stay. 

at the Washington Navy Yard,* and the following rec- 
ommendations were offered by the board, viz. : 

" After a careful examination of the results of these 
experiments in particular, we are satisfied that the fol- 
lowing formulae will correctly and safely represent the 
working strength of good material in flat surfaces, sup- 
ported by screw stay-bolts with riveted button-shaped 
heads, or with nuts, when the thickness of the plates 
forming said surfaces and the screw stay-bolts are made 
in accordance with the dimensions and conditions given 
in Table Y: 

W= safe working pressure ; 

T = thickness of plate ; 

d — distance from centre to centre of stay-bolt. 

For iron plates and iron bolts, W= 24,000 -y^ 

For low-steel plates and iron bolts, W= 25,000 -^ 

For low-steel plates and low-steel bolts, W= 28,000 -^ 

* Report of Sprague and Tower, Washington, 1879. 



STAY-BOLTS. 



For iron plates and iron bolts with nuts, ir= 40,000 -r^ 



For copper plates and iron bolts. 



IT =14,500 






" To obtain the ultimate bursting pressure, multiply 
the results of the above formulae by 8, which is the 
factor of safety used. 

" The rivet-heads to be a segment of a sphere formed 
by first upsetting the end of the bolt with a few quick, 
sharp blows of the hammer, then finished to shape with 
the hammer and button-head set. 

" Where nuts can be used instead of riveted heads they 
should be of standard size, suited to the diameter of 
bolt, faced on the side bearing on the plate, and dished 
out so as to form an annular bearing surface of as large 
a diameter as the nut will allow, and of a breadth and 
depth given in the table. Before securing the nut in 
place, the dished portion should be filled with red-lead 
putty made stiff with fine iron borings/' 

Table Y. 

Dimensions and Conditions for making Iron and Low-sted Screw 
Slay-bolts for Flat Surfaces, subject to Internal Pressure for Dis- 
tayices ranging from Four to Eight Inches {indusi'oe) from Centre 
to Centre of Stay-bolts, 



i 


ll 


1 


of bolt left 
rivetiiij? in 
onsofdiam. 
t. 






NCTB. 


ft 


i|^ 




1 


A 






iill 






i" 


1" 


14 


\" 


,V" 


w 


A" 


A" 


f 


1* 


14 


+ 


4 


lA 


i 


tV 


i 


U 


12 


i 


A 


u 


A 


A 


f 


If 


12 


i 


« 


n 


i 


A 



340 



A TH£AtISE OS StCAM-BOlLBBS. 



Figs. 51, 52, and 53 represent different methods em- 
ployed for staying and bracing boiler surfaces. Fig. 51 
is a plain crow-foot brace, which is commonly used to 
strengthen and support the flat head of the boiler, the 
T being riveted to this head and the other end being 
riveted to the shell. The combined area of rivets in 
this and other forms of rod should equal the area of the 




Fig. 51.— Crow-foot Brace. 

rod. Two i" rivets, sometimes used with a rod l^*' di- 
ameter, are not sufficient to hold it, as a comparison of 
the areas will show. The combined areas of two f ' riv- 
ets is only .612 square inch, while the area of the 1^' 
rod is .994 square inch, more than one third greater. 

For long braces Tee and angle-irons are used for feet, 
with an eye on the rod to fit over the Tee in the first 
case or between the angle-irons in the other, as shown in 
Figs. 52 and 53. 

Fig. 52 is a good form for boiler heads or other flat 
surfaces, but should not be used for cylindrical surfaces, 
as the rolled Tee cannot be curved either hot or cold 
without liability to fracture at the root. A better way 
is to forge a Tee from good flange-iron, which can be 
bent to any desired curvature without injury to the 




Fig. 52. 



Fig. 58. 



metal. When these forms. Figs. 52 and 53, are used, the 
connecting pins should invariably be secured by cottere^ 
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or what is even better, a bolt and nut should be used. 
The use of split pins should be avoided, since they sel- 
dom fit the holes and give very little lateral stiffness to 
the joints : besides they are liable to straighten out 
under pressure and thus become inoperative ; the ends 
are also apt to break off when opened out, or when 
closed for the purpose of removal. 

When the pin is secured by a nut, the latter is often 
difficult to remove after being in use a short time ; but 
when the strength and security of joint is considered, 
and also the fact that such ^stenings are not intended 
to be frequently disturbed, the advantage in using a 
threaded pin and nut is apparent. If the brace is in 
such a position that frequent removal becomes necessary, 
as for inspection, a brass nut should be used. 

In large construction, especially in marine boilers, in 
order to reduce the number of rods, branch braces are 
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FOR FRONT AND BACK CONMECTIONS. 

Fio.54. 

Braoch Braces. 



Fig. 56. 



used as shown in Fig. 54 and also in Fig. 55. With 
this method of staying, the diameter of the rods must 
be large enough to support the whole surface covered 
by the fork ends. In plain cylindrical boilers, where the 
length is very great, as compared with the diameter, 
through braces with crow-foot ends have been success- 
fully used for the purpose of tying the heads together. 
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Gases have been known where rupture has occurred at 
the lower seams in this class of boiler, for a length of 
half the circumference, yet these through stays held the 
two parts together and prevented what would evidently 
have been an explosion without them. 
In order to adjust long braces to their proper tension, 




Fio. 66. 



turn-buckles, as shown in Fig. 56, are most frequently 
used, which, to prevent the ends of the stay-rods rust- 
ing fast, should be made of brass. 

Gusset-stays, Fig. 57, or stay-plates as they are some- 
times called, are those made of plate-iron and secured 




Fio. 57.— Gusset-stay. 

to the boiler by two angle-irons or a single Tee-iron, 
although the latter is not much used. Frequently a 
flange is turned from the gusset-plate and an angle-iron 
is riveted to the other side. 

Where gussets are attached to heating surfaces, as in 
the back connection of marine boilers, portions of the 
stay are cut away between the rivets in order to lessen 
the liability of the sheet to overheating. Lugs are often 
used to secure the sheet, as shown in Fig. 58, and 
sometimes thimbles, through which the rivets are in- 
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Fig. 58.— Gusset-stay secured by Lugs. 







rio.68. 



Fio. 62. 
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serted separating the gasset-flange from the sheets are 
used for the same purpose. 

Fig. 59 represents a form of girder-stay, commonly 
called a crown-bar, used to support the flat crown-sheet 
of a locomotive or other fire-box boiler ; in this case the 
toes are welded together, but often the crown-bar is in 
two pieces separated by thimbles as distance pieces and 
riveted. The method of securing crown-sheet to crown- 
bar is shown in Figs. 60, 61, 62, and 63. 

Eeed-water Heaters (p. 118). Fig. 64 represents the 
Lowe feed-water heater, the construction of which will 
be readily seen by referring to the cut. The shell is of 
wrought-iron with cast-iron heads fitted at the top and 
bottom with flanged nozzles for the inlet and outlet 
exhaust connections. The tubes are of brass or copper, 
fitted permanently into the bottom head and free to 
move in the upper plate, the holes of which are counter- 
bored to receive the packings : the corresponding holes 
in inlet nozzle are also counterbored, and when the 
packings are compressed by screwing down this nozzle, 
a tight joint is obtained, which, however, allows the tubes 
to contract and expand with the differences of tempera- 
ture. The exhaust steam enters at the top, and, pass- 
ing down through the tubes, leaves the heater at the 
bottom; the feed-water from the pump enters the shell 
at the bottom and is forced out at the top into the 
boiler. Where heaters of large capacity are employed, 
which is always desirable when the feed-water is impure, 
much of the solid matter held in solution is set free 
during its passage through the heater and is deposited, 
in the form of a powder, at the bottom of the shell, 
where it can be blown out by the blow-off pipe provided 
for this purpose. 

When animal oils are used for lubricating the steam- 
cylinder, much of their fatty substance is carried QUt of 
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the cylinder by the exhaust steam. If this matter in 
suspension be discharged into the hot-well or other form 
of open heater, it will eventually be carried into the 
boilers, where, mixing with the impurities of the water, 
it forms a pasty compound more or less injurious to the 
tubes and other portions of the boiler to which it 
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Fio. 64— Lowe Feed-water Heater. 

adheres. To extract all foreign matters, and to elimi- 
nate the lime salts contained in the feed-water, the heater 
given in Fig* 65 has been designed. 

This apparatus, manufactured by Stilwell and Bierce, 
has proved very effective as a heater and filter, and is 
largely used where the feed-water is muddy. The ex- 
haust steam enters at A and divides into two currents^ 
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the t^ne ascending and the other descending. The feed 
6htiBl*s at C and is discharged into a box D, from which it 




^lo. 65.— Stilwell*s Idme Extractor and Feed-water Heater. 



overflows in a thin sheet, falling through the incoming 
current of steam onto the upper of a series of removable 
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cast-iron shelres. As the wator becomes heated the solu- 
ble salts are precipitated upon the successive plates over 
which it flows^ and as it descends from shelf to shelf it ifi 
met in its downward course by the other current of 
steam^ which still further heats the water and aids the 
deposition of the impurities. From the lower shelf the 
water passes down behind the filtering-chamber E 
(which is to be filled with hay, or any other suitable 
material), whence it is drawn upward through the filter 
and passes out at / to the boiler. The heater is so 
constructed that the shelves and filtering material can 
readily be removed through a door which is bolted to 
the front of the shelf. 

Another form of apparatus for heating the feed-water 
is the Babcock and Wilcox Economizer. This consists 
of a series of vertical tubes placed in a brick chamber 
which forms part ,of the flue between the boiler and 
chimney, and through which the hot gases are caused to 
pass. These tubes are connected at top and bottom with 
horizontal tubes, the lower row of which is connected to 
a mud-drum ; the feed-water enters at one end of this 
drum and passes out at the opposite end of the upper 
connecting pipe. It will be readily seen that the hotter 
gases filling the upper portion of the chamber come in 
contact with the water at its highest temperature, so 
thiat it is possible to heat the latter considerably above 
the boiling point at atmospheric pressure before it flows 
to the boiler. Ample provision is made for cleaning the 
interior of the vertical and horizontal tubes and the 
mud-drums by means of hand-holes opposite the ends 
of each tube. This is important, as, with most hard 
water, sediment will form in the economizer more readily 
than in the boiler. 

By means of a direct flue to the chimney, the econo- 
mizer may be cleaned without stopping the boilers. 
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Mechanical scrapers are provided for removing deposits 
of soot from the exterior of the tubes, which latter are 
made of cast-iron, as experience has shown this to be the 
best material to resist the tendency to corrosion arising 
from the condensation of vapois upon their exterior ; 
wrought-iron has been found entirely unsuited to the 
purpose. 

The following table abstracted from Steam is given to 
show the percentage saved, in fuel by heating the feed- 
water. 
Percentage of Saving of Fuel by Heating Feed- water. 
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As the exhaust steam from an engine cannot hea,t 
water above its boiling point at the atmospheric pressure, 
without back pressure, the final temperatures with ex- 
haust feed-water heaters must be less than 212°; from 
200° to 210° being not uncommon in practice with good 
heaters under favorable circumstances. Taking the 
initial temperature of the feed- water at 60° and its final 
temperature at 200°, a saving of 12.20 per cent, will be 
gained by passing the feed through the heater. For 
every 11° increase of temperature in the feed- water a 
saving of about one per cent, in the fuel will be effected. 
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In the case just referred to 200° — 60° = 140*" increase 
of temperature, and K^ = 12.7, which agrees approxi- 
mately with 12.20 in the table. 

Safety-valves (p. 119). Fig. 66 represents an ordinary 
form of lever safety-valve with conical seat. 




Fjg. C6. r>jver Safety-valve. 

Fig. 67 shows a form" of dead- weight valve loaded in- 
ternally, and Fig. 68 represents a modification of the 





Dead-weight Safety-valve loaded 
internally. 



FiO. 68. 

Dead-weight Safety-valve loade<l 
externally. 



same valve externally loaded. The former consists of 
a mushroom-sectioned disc turned and ground to fit 
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ita hollow seat, and provided with a heavy weight below 
in the steam-space of the boiler so that the weight and 
valve may oscillate without the steam escaping — the ob- 
ject being, in making th» valve partially hemispherical, 
to prevent its rusting or otherwise sticking fest to ita 
seat. 

The externally loaded valve is very similar to this, 
except that the stem of the disc is fitted with aij out- 
side cross-bar which carries two side rods supporting an 
annulai weight below the seat outside of the boWer. 




Fio. 69.— Cowburn's Safety-valve. 

The Oowbum valve (see page 129), shown in Fig. 69, 
consists of a hemispherical disc in connection with a 
dome-casing attached to an annular weight that sur- 
rounds the seat-pipe. This valve cannot be readily 
overloaded; it has no lever to wedge up, or on wlflch to 
hang a monkey-wrench, and all its parts are exposed to 
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view. A possible disadvantage is that as the life oi 
the boiler increases, and its allowable pressure conse- 
queiitly decreaseis, there is no provision for reducing the 
pressure on the valve. Among the many spring safety- 
valves used in this country, the Ashcroft, the Kichard- 
son, and the Crosby are among the best known. These 
valves all work upon the reactionary theory, by which 
the lift of the valve is increased by the recoil of the 
escaping steam when the valve opens. According to 
the reports of some experiments upou safety-valves by 
the U. S. Navy Dept. in 1873, a Richardson valve was 
found to give an increased lift for each increase of press- 
ure at which it was set, while the common form of 
valve gave the same amount of lift in each case. 

Fig. 70 illustrates the Crosby "Pop" safety-valve, 
largely used on locomotives and steam-vessels. The 
valve proper B B** rests upon two flat annular seats V V 
and W W on the same plane, and is held down against 
the pressure of steam by the steel spiral spring S. The 
tension of this spring is caused by screwing down the 
threaded bolt L at the top of the cylinder K. The 
area contained between the seats W and F is what the 
steam pressure acts upon ordinarily to overcome the re- 
sistance of the spring. The area contained within the 
smaller seat W W is not acted upon at all until the 
valve opens. 

The large seat F F is formed on the upper edge of 
the shell or body of the valve A A. The smaller seat 
PT ITis formed on the upper edge of a cylindrical cham- 
ber or well C Cy which is situated in the centre of the 
shell or body of the valve, and is held in its place by 
arms D D, radiating horizontally, and connecting it 
with the body or shell of the valve. These arms are 
hollow and form passages E E for the escape of the 
steam or other fluid from the well into the air wheu the 
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valve is open. This well is deepened so as to allow the 
wings X X oi the valve proper to project down into it 
far enough to act as guides, and the flange Oib merely 




Fio. TO.— Crosby Locomotive *' Pop " Safety-valve. 

for the purpose of turning upward the' steam issuing 
from the passages. 
When the pressure under the valve is within about 
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one pound of the maximiim pressure required, the valve 
opens slightly, and the steam escapes through the outer 
seat into the cylinder and thence into the air ; the steam 
also enters through the inner seat into the well,, and 
thence through the passages in the arms into the air. 
When the pressure in the boiler attains the maximum 
point, the valve rises higher and admits steam into the 
well faster than it can escape through the passage in 
the arms, and a pressure quickly accumulates under the 




Fio. 71.— Fusible Plug, r- 

inner seat ; this pressure — acting as it does upon addi- 
tional iarea — overcomes the increasing resistance of the 
spring, and forces the valve wide open and quickly re- 
lieves the boiler. 

When the pressure within the boiler is lessened, the 
valve gradually settles down, thereby lessening the flow 
of steam into the well, and consequently the pressure 
therein ; this action continues until the area of the open- 
ing into the well is less than the area of the apertures 
in the arms, and the valve promptly closes. 

Fusible Plugs (p. 131). Fig. 71 represents a fusible 
plug as manufactured by Mr. 6. Van Wagenen, New 
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York. The fusible metal of which the core is composed 
is covered by a thin copper cap, which effectually pro- 
tects the inner core from contact with the water, thus 
preventing a chemical or other change in the character 
of the fusible metal or the formation of scale on its upper 
surface, which so often renders these safety plugs in- 
operative. Fig. 72 shows the operation of this device as 
applied to a fire-box boiler. The shell is screwed into 




Fio. 72.— Fusible Plug in Crown-sheet of Boiler. 

the crown-sheet, or other portion of boiler, and extends 
above the plate one and a half to two inches, so that 
when the core melts on account of the water being low, 
there will still be suflQcient water over the exposed plates 
to prevent their burning. When the water falls below 
the point at which the plug is set, the fusible metal is 
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melted and the copper cap blown out by the steam and 
water contained in the boiler, which reduces the fire 
and gives timely warning of low water. In the United 
States fusible plugs are very generally used, being re- 
quired by law on all boilers in Massachusetts ; the mu- 
nicipal laws in many cities have the same requirement, 
besides being ordered by U. S. Steamboat Inspectors on 
all boilers used in steam-vessels, — for the latter the fill- 
ing of the plug must be of Banca tin. 

There seems, however, to be a very vague idea of the 
object of these safety plugs among a large class of igno- 
rant firemen, who, being often troubled by the plug 
melting out, have screwed plugs of hard Babbitt metal 
and also cast-iron into the shell, and have even driven 
in tapered plugs of steel, in order to remedy what they 
deemed a defect in the construction of the boiler, which 
would thus allow the fire to be put out. 

Pressure-gauges (p. 136). Fig. 73 represents a Bour- 




FiG. 73.— BounJion Pressure or Vacuum Gauge. 

don pressure-gauge as made by the Crosby Co. It 
consists of an elliptical tube filled with water connected 
at one end with a pipe which leads from the boiler ; the 
other end being closed and attached to a link connected 
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with a segmental rack which gears with a pinion on the 
index finger. Upon opening the gauge-cock to the 
pressure of the steam in the 'boiler, the elliptical tube 
tends to expand into one of circular section ; this action 
causes the tube to slightly straighten, which pulls the link 
attached to the segmental gear, thus causing a rotation 
of the index finger. 

Water-gauges (p. 136). Fig. 74 is a cut showing the 
arrangement for water-columns or combinations, as 
recommended for horizontal tubular boilers by the 
Hartford Steam Boiler Inspection and Insurance Co. In 
this combination the gauge-glass is attached to the front 
of a cast-iron cylindrical water-column, about four inches 
inside diameter, connected to the boiler by pipes of ample 
area^, and the three gauge-cocks, which should be used 
on every boiler, are fitted directly to this column — the 
lowest gauge-cock being three inches above, the top of 
the highest row of tubes. Thq pregsjire-gauge is attached 
by means of an inverted siphon, which insures the spring 
always being filled with water while- under the pressure 
of the steam, and also provides for emptying and blow- 
ing out the connecting-pipe without disturbing or re- 
moving the gauge. 

Water-indicator (p. 139). Although hardly known in 
this country, the float has been used in England for more 
than a century past, and is yet very largely employed as 
a water-level indicator. The different arrangements of 
this device are as varied as the numerous types of boiler 
to be met with, but the most common is the chain-wheel 
balance shown in Fig. 75. The float is supposed to be 
protected, by the perforated box which surrounds it, 
from any swaying motion of the water which would bend 
the wire and cause it to bind in the stuffing-box. An- 
other device of indicator is seen in Fig. 76, which shows 
an ingenious arrangement of float connected by a chain 
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Fig. 74.— Water Column and Connections* 
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to the faru^e door outside the boiler, so that as the 
level of the water sinks the float will also lower, which 





Fig. 75.— Water-indicator, ^o. 76. Combination Float 

and Rfgulalor. 

action will raise the furnace door, thus forming a com- 
bination regulator and water-indicator. Comment on 
any such arrangement for a boiler is not necessary. 

Blow-out Apparatus. Figs. 77 to 82 represent several 
different forms of valves in use for blowing off boilers, 
for description of which see p. 140. 

Grate-bars (p. 154). Numerous inventions have been 
made from time to time in order to obtain a grate-bar 
by which the fire can be cleaned without opening the 
furnace doors. With a coal that clinkers badly, the bed 
of fuel with a stationary grate-bar has to be more or 
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Via. IT.— Conical Seat Globe Valve. 



Fio. 78.- Disc Valve. 





Fia. 79,— Sluice or (iate Valve. 



J^laSO-Mitro Valm 
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less broken up in order to remoTC the clinkers with the 
ordinary slice-bar and hook. 

This is not only laborious work, but as the furnace 
doors have to be kept open during the process, cold air 





Fio. 81.— Steam Cock or "Tap,' 
witli Brass Plug. 



Fio. 82.— Packed Plug Cock 
or "Tap." 



is allowed to pass in, thus cooling down the fire and 
causing dangerous strains to be set up in the heated 
plates of the boiler. Figs. 83 and 84 show a form of 
grate-bar known as the Standard, patented by Mr. AV. E, 
Kelly, of New Brunswick, N. J., which is arranged to 
be operated from the outside without opening the fire- 
doois. Each bar is made up of a number of sepamte 
leave^ which can be removed and replaced when desired 
without renewing the whole bar. Engineers using the 
^^ rocking" grate-bar report a saving of fuel and steadier 
pressures than obtained with the ordinary form. 

Boiler-setting (p. 156). The usual method of sup- 
porting tubular boilers in the United States is by means 
of brackets riveted to the sides of the shell and resting 
on iron plates imbedded in the side walls, — the back end 
being upon rollers and free to move with the expansion 
and contraction of the shell due to variations of temper- 




Fxo. 84.— Rocking Grate-bar Detached. 
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I^tiire, aPji ^a frequently arranged^ the rear end rests 
upon 1^ eipgle i^le^? aiip|K)Fte() by a central pier placed 
directly beuaatb the boiler ; ca* they are suspended from 
QYerhe^d erciss-girders whose encls rest either upon the 
side Wf^llfl cor upon coj^ijipps ^Jigeonnected entirely frona 
tb« ^tting, yig9t 85, 86, ^nd 87 represent one of the 
be»t {orms of setting for the ordin{^ry horizontal boiler that 
ean b^ adopted whore coal is the fuel ^mplpyed.* When 
boUer-'settipg^ ^fQ l^ew the wi^lls will cmck more or less as 
A ynle, m^ when these cmcks fkvo i^rge enough to allow a 
leakage of aii' into the furM«C3 s^ loes of efficiency ensues; 
it is 9> iniitter of eeanomy, therefore, to constract the walls 
^t the ontset in the best manner possible. The first 
requisite for % good setting is a good foundation. If the 
ground is favorable, the foundation should have a depth 
of three to four feet below the level ; and the first courses 
should be large stones carefully laid in cement. Upon 
this the wi^Us can be built of either stone or brick to with- 
ip half a foot of the floor level; above this height brick 
should be used. If the ground is soft, the excavation will 
have to be deeper, gravel, broken stone, etc., mixed with 
cement will have to be filled in, and the foundation then 
built upon this bed. The weight that may be put upon 
ordinary foundations for boilers should not exceed two 
thousand pounds per square foot, as, by the varying 
degrees of heat which affect a boiler setting and its lia- 
bility to crack, a large part of the weight of the boiler 
might be concentrated upon a small portion of the foun- 
dation wall, which should therefore be of suflBcient size to 
bear this wpigbt without settling. In building the walls, 
a two-inch air-space should be left in the end and also 
the side walls ; the inner and outer walls, however, 
should not be tied together, but there should be pro- 
jecting bricks from the outer extending to and just 

* Locomotive, 1887. 
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touching the inner, as this method leaves the latter free 
to expand without influencing the strength of the 
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former. When the fuel to be burned is anthracite a dis- 
tance of about 24 inches from the shell to the grate-bars 
will be found to give good results ; for a softer coal this 
distance can be increased from three to six inches. The 
grates are arranged with a fall of three inches, so that a 
thicker layer of fuel is near the back end of the fire ; this 
allows a more even consumption of the fuel, as the air 
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Fig. 87.— Sectional View of Boiler-setting. 

iiaturally passses through the fire more freely at the 
bridge, and by making a thicker fire there its passage is 
somewhat retarded. The furnace, front and sides, for 
at least a foot back of the bridge, and the bridge itself, 
fc^hould be lined with firebrick. The setting should be 
closed in on a level with the centre of the highest row of 
tubes, and the walls strengthened by Hie use of " buck- 
^ utaves " or binders held together top and bottom by long 
bolts passing from one wall to the other and secured by 
nuts on their ends. 
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tTnder no circumstances should the fire line be carried 
above the water line of the boiler. Not only is the cir- 
culation retarded, but the intense heat above this line 
will eventually ruin the boiler. In setting a boiler the 
following rule should be observed : " Never expose to 
the fire or gases of combustion any part of the shell not 
completely covered with water/^ * Although hundreds 
of boilers have been seriously injured and many ruined 
by arching over the top, in order to form a conduit for 
the hot gases, this practice still continues. It is claimed 
by some advocates of this method, and not without 
reason, that a greater amount of heating surface is ob- 
tained ; while others state that this method superheats 
the steam. If it were possible to superheat steam when 
in contact with a large body of water, as in the steam- 
space of the boiler, the superheating obtained by passing 
the hot gases over the top of the boiler would not be 
appreciable with a well-proportioned boiler, as the tem- 
perature of the escaping gases in the arched flue ought 
not greatly to exceed the temperature of the steam. If 
this temperature does greatly exceed that of the steam, 
which is by no means uncommon, the effect on the 
steam after running a boiler only three or four weeks is 
insignificant, as the heat is prevented from acting on the 
boiler and its contents by the accumulation of soot and 
ashes on the top of the shell. It will be seen, therefore, 
that its advantage is questionable even under the most 
favorable conditions. Moreover, on the other hand, its 
disadvantage is often serious. When the boiler has 
been working some time the settling of the walls and 
expansion of the brick -work causes the latter to recede 
from the boiler^ producing openings through which the 
intense heat of the furnace passes directly into the top 
flue. The increased draught from the furnace carries 

* Locomotive, 1884. 
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away the ashes near these openings^ and the iidsult is an 
exposed plate Which sooh becomes bttriied. 

The tops and other surfaces of boilers not exposed to 
the gases of combustion should be protected from the 
loss of heat^ by radiation and conduction^ by being 
covered with some good non-condtttJting lilAterial. 
Ashes and loam are often used for this |)uf|K)8e^ but 
they possess the disadvantage of being liable to absorb 
moisture^ and to some extent hasten corrosien when 
leakage occurs under thie covering. 

An efficient protection is secured by pltistering the 
surface with a coating, about two inches thick, of morlar 
composed of one third (in volume) of plaster of Parits 
and two thirds sawdust, over which an iftch thickhess 
of hair felt or minei-al wool should be secured with wir^e^ 
and this covered with roofing-^aper tied on in the ainte 
way. For steam-pipes leading from the boiler to thB 
engine a similar coating will be found to deliviw driver 
steam to the cylinders. Experiments have showb a tees 
of heat in uncovered steam-pipes, due to radiation and 
condensation, equal to one horse-power in a length of 
46 feet of six-inch pipe (outside diameter), while with a 
cover of wool felt two inches in thickness the loss Wafi 
only about one tenth of a horse-power. The following 
table gives the results of experiments by Mr. Charl^ R 
Emery * upon the relative non-condlietivity of varioHs 
materials: 

Material. VtXne. 

Hair Felt, 106 

Mineral Wool No. 3, 88.2 

" ** " and tar, 71.5 

Sawdust, 66 

Mineral Wool No. 1, «7.« 

Charcoal «8.d 

Pine wood across grain, 66.8 

♦ Trans. Am. doc. M. £., 1681. 



A TREATISE ON STEAM-BOILERS. 

Material. Value, 

lioam, 55 

Slaked lime, 48 

Gas-house carbon, 47 

Asbestos. . . 36.8 

Coal ashes, «...««....... 34.5 

Coke iu lumps, . 27.7 

Air-space 2 inches deep, 13.6 

Hanging Boilers. When the weight of the boiler is 
very, great, or- if its length exceed, say, twenty feet, it 
would be better to suspend the boiler from cross-beams 
resting upon the side walls or, what is better, upon iron 
columns or piers of masonry disconnected altogether 
from the setting. The extra expense of this method 
will be more than repaid by the safety from liability of 
the boilers changing their position and straining or 
breaking their backs. Where the weight and length 
of boiler requires but two points of support on each side, 
these should be placed about one fifth the length of the 
'boiler from each end or tube-sheet. 

In long plain cylindrical boilers suspended from lugs 
or slings at each end rupture has occurred at the girth 
seams owing to the great weight of boiler unsupported 
between the hangers. . Where a centre support is added 
the conditions are even worse unless some form of self- 
adjusting^ arraugement is used; for, owing to the greater 
expansion of the lower portion of the boiler, the centre 
sags down and the ends are thrown upward, thus causing 
at times the whole weight of the boiler to come upon 
the middle hanger.- If strong enough at first, the tensile 
strength of this middle support may in the course of 
time become insufficient to sustain the load, fracture 
occurs, and the sudden jar caused by the giving way of 
the central support has in numerous instances caused 
rupture of the whole shell. The end to be desired is to 
so arrange the hangers that tliQ load Will be evenly 
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distributed and the boiler free to move, or "breathe/^ 
easily under all conditions of temperature. One of the 
best methods to attain this end in long boilers is shown 
in Fig. 88, which is that used at the works of the Beth- 
lehem Iron Co. The boilers here represented are known 
as double-deck plain cylindrical boilers, and are 68 feet 
long, supported at each end by two pairs of hangers de- 
pending from a cross-beam free to adjust itself to the 
varying conditions under which the boiler is working, 
so that each pair of hangers carries its due proportion 
of the load at all times. 

Surface Blow-oflf (p. 170). Fig. 89 shows a surface 
blow-out apparatus known as the Hotchkiss Mechanical 
Cleaner, This cleaner consists of a cast-iron spherical 
reservoir By suitably connected to a funnel C, made of 
wrought-iron placed inside the boiler at the low-water 
level. Its action is as follows : As soon as the water in 
the boiler becomes heated currents are established ; these 
currents are formed by the hotter, and therefore lighter, 
water flowing upward and away from the source of the 
greatest heat, while the colder, more dense, water flows 
to the source of heat to replace the other, and in its turn 
becomes heated. In all boilers where fire is applied at 
one end the currents established will be upward and 
from the fire on the surface, and downward and toward 
the fire in the lower part, of the boiler. In a boiler with 
the cleaner attached the funnel is set near the surface, 
but partly submerged, and in such a position that its 
opening will intercept the currents of hot water contain- 
ing in suspension the impurities and soluble salts which 
have been set free by ebullition and which float as a 
scum on the surface. By the action of gravity in water 
of varying temperatures, aided by the pressure on the 
surface, the hot surface-water that enters the funnel will 
flow into the reservoir through the up-flow pipe D, dis- 
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placing constantly an equal quantity of the cooler water 
therein, which, flowing back to the boiler by the return- 
pipe E, reaches lower and cooler strata of water than 




that entering the funnel; thus a steady and constant 
circulation of water through the cleaner is maintained 
so long as the firing is kept up. This circulation is con- 
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tinuous and automatic, and by its certain and natural 
action the water in the boiler passes successively through 
the reservoir, where, being kept still and free from the 
agitating currents in the boiler, the most favorable con- 
ditions are insured for the precipitation and deposit of 
sediment,. 

The sediment, once deposited in the reservoir, is 
removed through the bloAV-off pipe F as often as neces- 
sary. 

Oil in Boilers (p. 177).. The indiscriminate use of 
grease in boilers has been the direct cause of many seri- 
ous explosions with their consequent loss of life and 
property. As before stated, the lubricating oil from the 
cylinder carried into the boiler with the feed-water when 
supplied from an open tank or similar exhaust heater, is 
often injurious. With pure water this may have little 
or no effect, but when the water is muddy or hard the 
more solid portions of the impurities in the water and 
the floury deposits — such as the carbonates of lime and 
magnesium — that are precipitated when the water is 
boiled, unite with the organic matters in the oils and 
thus form a thick pasty sludge which adheres to the 
sides of the shell, tubes, or furnace-crown, and soon leads 
to overheating. Where the circulation is good this sludge 
may not accumulate or lociilize, but the effect on the 
boiler is to cause an increased use of fuel, as the water 
will not steam as readily when in contact with these im- 
purities. 

Rock oils do not possess the disadvantages of animal 
oils, and when used sparingly are undoubtedly an advan- 
tage to the boiler in both removing and preventing many 
forms of scale. Crude petroleum is used for this pur- 
pose with excellent results, but even with this oil serious 
cases of overheating have occurred from having used too 
great a quantity. 
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Kerosene oil, being more yolatile, is probably a better 
agent for this purpose for some varieties of scale. It is 
used as a scale resolvent in locomotive boilers in some 
localities, r,nd has also proved very effective in shell and 
water-tube boilers. Mr. F. L. Lyne, after making ex- 
tended experiments on the subject, strongly advocates 
the use of kerosene in boilers as a scale preventive. With 
two quarts of kerosene carried into the boiler, every other 
day, with the feed-water, he found no difficulty in re- 
moving a hard incrustation of ^^ to i inch in thickness 
inside of two months. 

The quantity of kerosene oil to be used in any given 
case will vary with the size of the boiler and the quality 
of the feed-water. Mr. Lyne uses one quart per day per 
100 horse-power, and finds it to be sufficient to keep his 
boilers entirely free from scale although using a very 
hard and impure water. In using kerosene or crude 
petroleum it is recommended to empty the boilers before 
introducing the oil, so that when the feed-water is turned 
on and the water rises, the oil floating on the top will 
wash the surfaces of the boiler and penetrate the scale. 
After its first application in this manner it is advised to 
use some device by which the requisite amount of oil can 
be delivered to the boiler, darily, through the feed-pipes, 
so that these latter may be kept free from scale also. 
Asbestos treated with boiled linseed oil should be used 
for packing or gaskets instead of rubber, as the kerosene 
is liable to soften rubber and render it unfit for use. 

Galvanic Action (p. 190). It is safe to assert at the 
present day that galvanic action may take place in 
boilers. Zinc, an electro-positive element as compared 
with iron, has been used very successfully of late years 
in marine and other boilers subject to the corrosive 
action of the acids in the water, the effect being the 
wasting of the zinc instead of the iron. 
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From the results of a series of experiments and from 
varied testimony on the subject the Admiralty Com- 
mittee on Boilers report the following, viz. : * 

'^ Apart from any consideration as to the existence of 
galvanic action in boilers, the protective value of zinc 
may be stated as follows: If a boiler is worked in the 
ordinary manner with sea-water its exposed surfaces will 
be vulnerable to the action of all the corrosive influences 
which may be present capable of affecting iron; but if 
zinc be introduced and applied in a manner which has 
already been pointed out — i.e., perfect metallic con- 
tinuity insured between it and the iron — galvanic action 
is set up between the two metals, and the latter is com- 
pelled, by the presence of one of a more electro-positive 
nature, to assume a negative condition towards corrosion 
or oxidation. Such being the case, the metallic con- 
dition of the iron is preserved at the expense of the 
zinc, which loses in course of time its metallic nature 
by oxidation, in which latter condition it ceases to 
afford protection and must therefore be renewed at 
intervals/^ 

Zinc has also been found to be an excellent preven- 
tive of scale in the boiler. De Corbigny,f writing of the 
use of zinc, states that : ''When the water is but little 
calcerous the deposits, instead of forming solid and ad- 
herent scale, remain in the state of fluid mud, easily re- 
movable by simply washing. The iron being clean and 
not rusted, no pickiug or scraping is needed, which effects 
a greater economy of time, hand labor, and oversight. 
When, however, the water is strougly calcerous the de- 
posits are as coherent and strong as though the zinc had 
not been employed ; but what is extremely important, 

* Shock. 

f Annales des Mines, Translation Journal Franklin Ins., 1878. 
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this scale while acquiring its thickness and hardness 
does not adhere to the iron. It can be pulled off by 
hand or, at worst, detached without much effort, leav- 
ing the iron clean/^ This is explained upon the fol- 
lowing hypothesis: ^'The two metals, iron and zinc, 
surrounded by water at a high temperature, form a vol- 
taic pile with a single liquid which slowly decomposes 
the water. The liberated oxygen combines with the 
most oxidizable metal, the zinc, and its hydrogen equiv- 
alent is disengaged at the surface of the iron. There is 
thus generated over the whole extent of the iron in- 
fluenced a very feeble but continuous current of hydro- 
gen, and the bubbles of this gas isolate at each instant 
the metallic surface from the scale-forming substance. 
If there is but little of the latter, it is penetrated by 
these bubbles and reduced to mud ; if there is more, 
coherent scale is produced, which, being kept off by the 
intervening stratum of hydrogen, takes the form of the 
iron surface without adhering to it.^^ 

Zinc in water-tube boilers has been used successfully 
in France by coiling thin narrow strips around a man- 
drel and inserting the helix thus formed into the tubes.* 

The quantity of zinc for a given boiler should vary as 
the hardness of the water and the amount used, and 
should be measured by the area presented rather than 
by its weight. As a rule, about one square inch of 
surface of zinc for every fifty pounds of water in the 
boiler will be found sufficient ; this should be renewed 
from every two to four months. It is recommended by 
the British Admiraltyf to renew the plates whenever 
decay of the zinc has penetrated the slab to a depth of 
one quarter of an inch below the surface. 

The zinc in the form of slabs or blocks should be dis- 

* Thurston, Steam-boilers, 1888. ' 

t Steam Manual, 1879. 
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tributed throughout the boiler within the water-space^ 
but should not be suspended directly over the furnace 
or exposed portions of heating surface, as the oxide 
dropping on to these surfaces might cause overheating 
of the plates. In every case the precaution should be 
taken to insure metallic contact between the zinc and 
the boiler. 

Overheating (p. 211). Fig. 90 shows the formation 
of a pocket due to overheating, which is from a photo- 
graph of an actual case.* The boiler from which the 



Fio. 90.—** Pocket" produced by Overheating. 

plate was taken had been in use but a short time and 
was made of a superior grade of mild steel ^ inch 
thick. The bulge measured about 4 feet by 3, and was 
9 inches deep, the metal in the lower part of the pocket 
being only ^ inch thick, having been drawn down by 
the extension of the plate. 

Testing (p. 225). Section 4418 of the Eevised Stat- 
utes t of the United States provides that : " The local in- 
spectors shall also inspect the boilers of all steam-vessels 
before the same shall be used, and once at least in every 
year thereafter. They shall subject all boilers to the 
hydrostatic pressure, and shall satisfy themselves by 
thorough examination that the boilers are well made, 
of good and suitable materials, ^^ etc. " In subjecting 
to the hydrostatic tests boilers usually designated as 

* Locomotive, 1885. f 1883. 



high-pressure boilers, the inspectors shall assume 110 
pounds to the square inch as the maximum pressure 
allowable as a working power for a new boiler of 42 
inches diameter made in the best manner of inspected 
iron plates i inch thick, and of a quality required by 
law, ani shall rate the working power of all high- 
pressure boilers, whether old or new, according to their 
strength compared with this standard, and in all cases 
-the test applied shall exceed the working power allowed 
in the ratio of 165 to IIG. In subjecting to the h^^dro- 
static tests boilers usually designated and known as low- 
pressure boilers, the inspector shall allow as a working 
power for each new boiler a pressure of three fourths 
the number of pounds to the square inch to which it 
has been subjected by the hydrostatic tests." 

*' Should the inspectors be of the opinion that any 
boiler by reason of its construction or material will not 
safely allow so high a working pressure as is above de- 
scribed, they may ... fix the working pressure of such 
boiler at less than three fourths of the test pressure." 

Eule 7 of the General Eules and Regulations states 
that : ^^ Whenever steamers use a pressure upon their 
boilers exceeding GO pounds to the square inch, they 
shall be inspected as high-pressure steamers and desig- 
nated as such." 

It will be seen from the above that for boilers in steam- 
vessels carrying a pressure greater than 60 pounds to the 
square inch the U. S. laws require a test pressure equal 
to one and a half times their working pressures. 

United States naval boilers, when new or extensively 
repaired, are also subjected to a test pressure equal to 
one and a half times the highest working pressure above 
the atmospheric pressure.* 

* Shock. 
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French laws require that tubular boilers of merchant- 
vessels are to be tested to double the working pressure 
above the atmosphere at least once a year and whenever 
repairs or alterations have been made. French naval 
boilers are tested to fwice their working pressure when 
new, and annually afterwards to a pressure of one and a 
half times the actual working pressure ; this pressure to 
be applied not longer than five minutes. 

The English Admiralty rules (1879) contain the fol- 
lowing: " The water pressure is to be double the work- 
ing pressure, provided that during the examination no 
indications of weakness are observed. Should, however, 
any indications of probable permanent deformation be 
observed the test is to cease, and the working pressure 
is then to be limited to one third that of the test pres- 
sure arrived at before such indications were seen.'* 

The practice of not exceeding one and one half times the 
allowable working pressure on new boilers is very general 
throughout the United States, and even a less propor- 
tion has been adopted. To obtain the allowable work- 
ing pressure on steamboat boilers Kule 2 of the U. S. 
Eules and Eegulations gives the following, viz. : " Mul- 
tiply one sixth (^) of the lowest tensile strength found 
stamped on any plate of the cylindrical shell by the 
thickness — expressed in inches or parts of an inch — of 
the thinnest plate of the same cylindrical shell, and di- 
vide by the radius or half diameter-^expressed in inches, 
— and the sum will be the pressure allowable per square 
inch of surface for single riveting, to which add 20 per 
centum for double riveting." 

The hydrostatic pressure applied under the above rule 

must be in the proportion of 150 pounds to the square inch 

to 100 pounds to the square inch of the working pressure 

allowed. Thus the allowable working pressure on a 60- 

>ch shell made of |-inch steel plates 60,000 pounds tensile 
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1^1. D 1/60000 X .375\ ,_ , . 

stress would be P = - I — 1 = 125 pounds for 

single riveting; double riveting would be 20 per cent, 
greater, or 150 pounds. If the riveted joint were as strong 
as the plate, this would give a factor of safety of 6, but this 
is not the case; 60 per cent, is a good average for the 
strength of a single-riveted joint, therefore instead of hav- 
ing 60,000 pounds tensile strength there would be left in 
plate area only 60 per cent, of this, or 36,000, for the ulti- 
mate breaking strength of the joint. One sixth of this is 
only 6000, whereas 10,000 has been used according to the 
above rule; this gives 3.60 as an actual factor of safety. 
When the boiler is tested to a pressure of one and a half 
times greater than the allowable working pressure this 
brings a strain on the plates of 187 pounds per square inch. 
As the force necessary to rupture this shell is only 450 
pounds per square inch, and as the elastic limit should not 
be taken at more than two fifths the breaking strength, 
which is 450 multiplied by f = 180, it will be seen that 
the test pressure has exceeded the safe elastic limit of the 
material. If twice the working pressure had been used 
as the test pressure, which would have required 250 
pounds per square inch, the material would have been 
strained to within less than twice its breaking strength, 
and this when new. When the plates are reduced in 
thickness owing to corrosion the allowable working pres- 
sure should be reduced also. 

' The following table is used by the Hartford Boiler In- 
spection and Insurance Co., and the allowable pressures 
are based upon a tensile strength of 60,000 pounds for 
steel plates and 50,000 pounds for iron plates per square 
iuch of section. Shells larger than 60 inches diameter 
should not be less than -^^^ inch thick, and 66-inch shells 
should not be less than f inch thick. If iron rivets are 
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used in the steel plates, ^ inch increase in diameter 
would be better. 

Table op Safe Working Pressures. 
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As the object of the hydrostatic test is to ascertain if 
the boiler is capable of sustaining some given pressure, 
and also to test the tightness of the joints and other 
qualities of workmanship, a regularly repeated test of 
twice or even one and a half times the working pressure 
is of no great advantage where the boiler can be thor- 
oughly inspected, and often tends to strain the plates 
and joints, making them less able to stand the working 
pressure. What is known as the hammer test is much 
used by boiler inspectors, and is frequently preferred for 
the periodical examination of a boiler to the pressure 
test, although, if occasion require, both are adopted. 
This test consists of tapping the plates with a hand ham- 
mer, and from the ringing sound due to the vibrations, 
and also from the rebound of the hammer, the practised 
examiner is able to judge of the thickness and soundness 
of the plates; of course the effect of stays and other 
fastenings has to be taken into account, as they materially 
influence the spring of the plate. When in doubt as to 
the thickness a small hole is sometimes drilled through 
the plate so it can be measured. 
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During the year 1888 the inspectors of the Hartford 
Co. reported no less than 102^314 boilers inspected, of 
which number only 6536 were tested by hydrostatic pres- 
sure, or about 6 per cent. If this were the best method 
of testing old boilers, it would seem that insurance com- 
panies and their inspectors would adopt it more largely. 

Mr. J. M. Allen,* speaking of the hydrostatic test, says: 
^^ It does not reveal the presence of scale, sediment, cor- 
rosion, burned and blistered plates, and the thousand 
and one things that are every day discovered by profes- 
sional inspectors, who prefer to use their eyes instead of 
a pump, although the former involves much more hard 
and disagreeable labor. It may safely be asserted that 
99 per cent, of all explosions which occur are due to causes 
which the hydrostatic test would utterly fail to reveal, 
while the remaining 1 per cent, is due to some defect 
which would be more readily discovered in some other 
manner." 

"But let it not be judged that we are opposed to the 
proper use of the hydrostatic test. It is only its abuse 
that we object to, and the idea that it is the only way 
to ascertain the strength of a boiler. We reiterate that 
it should always be applied to new boilers, old ones ex- 
tensively repaired, and all those which cannot be ex- 
amined thoroughly inside and outside." 

Steam-boiler Explosions (p. 226). Fig. 91 shows the 
collapse of a low-pressure Lancashire boiler, copied from 
a photograph,! in which the effects of poor construction 
were such as to render the shell unable to bear the ex- 
ternal pressure of the atmosphere. A case of disastrous 
explosion from external corrosion due to dampness, by 
which six persons were killed, is illustrated in Fig. 92. f 
The boiler was of the Cornish type, 72 inches in diam- 

* Locomotive, 1888. 
f Marten Reports. 
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eter and 18 feet long, with internal flue 38 inches in 
diameter. The primary rent was along the bottom of 




Fio. 91.— Collapse of Lancashire Boiler from External Pressure. 

the shell, where it rested upon the mid-feather wall. 
In places the plates were so badly corroded as to present 
an edge scarcely thicker than paper. 




Fio. 92.— Explosion of Cornish Boiler. 

The accumulation of scale in a plain cylindrical boiler 
which had not been blown off or cleaned for several 
weeks caused the formation of a pocket which, giving 




Fio. 93.— Rupture due to Overheating. 

way, led to the explosion of the boiler. In this case, 
shown in Fig. 93, the scale had filled up the circle of 
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the boiler to a depth of three inches at the bottom; this 
led to the overheating of the plate, originally ^ inch 
thick, which, as it softened-, was forced outwards, until 
finally, when stretched to a thickness of only 3^ inch, it 
was no longer able to resist the pressure, and rupture 
occurred. Fig. 94 also shows a rupture produced by 
overheating, but due in this case to low water.* The 
boiler was one of a battery of three, in which the blow- 
off valve had not been perfectly seated and most of the 
water had leaked out of the boiler over night. Next 
morning the engineer, noticing the water was all right in 
the first boiler, took it for granted that all was right in 
the other boilers also, and started his fires. In a short 
time the plates had become so softened by the heat of 




Pia. 94.— Rupture due to Low Water. 

the furnace that they were unable to withstand the 
pressure, which had risen to nearly 50 pounds. 

Explosions of this kind from low water in externally 
fired boilers are not apt to be so disastrous to life and 
property as when a large body of water is contained in 
the boiler. 

The wreck shown by Fig. 95 was the result of placing 
sole reliance upon the glass water-gauge, where the water 
was impure. This gauge-glass indicated the proper 
amount of water a short time before the explosion oc- 
curred, but an examination of the pieces after the ex- 
plosion showed the sheets to be badly burned. . Glass 

* Locomotive, 1886. 
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water-gauges should never be wholly depended upon^ as 
the impurities in the water are liable to cause defective 
indications. For this reason special care should be taken 




Fio. 95.— Eicplo&iou due ^ Defective Gauge-glass. 

to frequently test the gauge-cocks and to keep the glass 
clean. 

The boiler represented in Fig. 96 was used in a saw- 
mill near St. Augustine, Florida.* It was 27 ft. long, 
48 inches in diameter, and had two flues 16 inches 
diameter. When the boiler exploded it had about three 
gauges of water, and, as might be expected, the force of 
the explosion was very great. The dome and dome-sheet 
were completely torn out — the former being hurled 
about three hundred feet through the air, tearing its way 
through a house in its passage. The feed-water for this 
boiler had been taken from an artesian well. 



* Locomotive, 1887. 
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An examination of the plates disclosed a heavy ac- 
cumulation of scale and, in places, a corrosion so deep 
that the exact thickness of the plate was difficult to 
determine. 




There is no doubt that the explosion was due solely 
to a lack of strength in the corroded plates to withstand 
the ordinary working pressure. 
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An explosion due probably to sudden contraction of 
the plates occurred in an old multitubular boiler two or 
three years ago. The valve of the blow-off pipe, which 




was situated a little above the bottom of the shell, had 
been opened, and circumstances indicate that the at- 
tendant had forgotten to close it before starting the fire; 
trying the gauge-cocks and finding no water, he turned 
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on the feed and, it is supposed, went to the rear to see 
if the blow-off was all right. At this instant the lower 
middle sheet, Fig. 97, just below the termination of 
the feed-pipe, tore out, and the brickwork of the setting 
was forced against the end wall of the boiler-room, 




Fio. 98.— Rupture of Vertical Boiler. 

crushing the unfortunate fireman to death.* From the 
nature of the fracture which occurred through the solid 
plate, and not through the line of rivet-holes, it is prob- 
able that the plate was red-hot, being in the hottest part 
of the furnace, and when the feed- water was discharged 

* Locomotive, 1886. 
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directly upon this hot plate a severe local contraction 
took place. The iron, unable to withstand the sudden 
strain, gave way, and the pressure of the steam already 
formed was sufficient to force out the fractured plate, as 
shown in the cut, which is from a photograph. 

Vertical boilers of small diameter are often constructed 
without any stay-bolts in the water-leg. In case the 
safety-valve becomes inoperative or overloaded, or the 
plates become weakened by corrosion or other means, 
rupture from over-pressure is apt to occur, as seen in 
Fig. 98. 

An accumulation of pressure due to overloading the 
safety-valve ruptured the furnace sheet of this boiler, 
which was 30 inches in diameter, but had no stay-bolts 
tying the fire-box sheets to the outer shell. 




FiQ. 9D.— Explosion of Agdcultuial i. oiler. 

Figs. 99, 100 and 101 are given to illustrate the explo- 
sion of the boiler of an agricultural engine.* This boiler, 
with engine parts attached to one side, was mounted 

* Locomotive, 1886. 
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upon wheels and was built of i-inch iron, intended to 
carry a working pressure of 80 lbs. per square inch. The 
owner, who was also engineer, was blown through the 




FiQ. lUO.— Head aud Crown Shc^t of Agricultural Boiler. 

air in one direction, and parts of the engine in the oppo- 
site direction, the main part of the boiler being thrown 
through a barn in the rear. The explosion was evidently 
the result of poor construction, as the boiler had been in 




FiQ. 101.— Running-gear of Agricultural Boiler. 

use but one day previously. The builders of this engine, 
as an inducement to purchasers, made this statement, in 
effect, that no skilled engineer would be required to 
take charge of it, as it could not get out of order. 
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A frequent cause of disaster with boilers of the vertical 
type is corrosion of the tubes and wasting away of the 




Fia. 103.— Explosion of Vertical Boiler. 



(Tube-sheet giving way.) 



crown-sheet directly over the fire. An explosion from 
this cause, Figs. 102 and 103, occurred a few years ago 
in Norwich, Conn., by which one man lost his life.* 




Fia. 103.— Explosion of Vertical Boiler. 

The boiler was made of ^-inch iron, was 3 feet in 
diameter, 7 feet long, and contained GO two-inch tubes. 
The furnace plates were badly corroded, and a soft patch 
had been bolted on where the corrosion had evidently 



♦Scientific Am., 1882. 
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eaten through ; the crown, or lower tube-sheet, was re- 
duced to about one half its original thickness, and the 
tubes at this end so badly corroded as to be almost eaten 
through. At the time of the explosion the holding 
power of these tubes was unable to bear the ordinary 
pressure (60 pounds per square inch) upon the tube- 
sheet, which was therefore forced downwards, allowing 
the contents of the boiler to issue at great velocity through 
the holes left by the tubes. The reaction of the escap- 
ing steam and water shot the boiler, like a rocket, out 
through the roof of the boiler-house and carried it 
through the air over trees and buildings for a distance 
of about 100 feet from its original position, where it was 
found half buried in the frozen ground. 

Boilers of this class rupturing in and about the fire- 
box very frequently take an upward course, due to the 
reaction of the steam and water suddenly set free. 

An explosion of a vertical boiler occurred in New 
York City which in many respects was similar to 
the case just mentioned.* The boiler was a vertical 
tubular 4 feet in diameter and 9 feet high, made of 
|-inch iron. AVhen the factory in which the boiler was 
located shut down for the day, the fire was banked — 
the gauge at the time Rowing 20 pounds pressure. 
About two hours afterward the boiler exploded. The 
iron gave way around the fire-box in the water-legs, and 
from the rush of the escaping contents the boiler was 
projected upward in a nearly vertical direction for about 
40 feet, where it struck the wall of the building and drove 
in the brick-work (Fig. 104). After striking this build- 
ing the boiler, which weighed about two tons, suddenly 
changed its course and shot off in an opposite direction. 
Steam was evidently still escaping, and added impulse 
to this immense rocket, for it continued to rise to a 

*ScieDtilic Am., 1887. 
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height of nearly 200 feet, passing over tall buildings and 
tenement houses in its flight, until it finally landed in a 
yard about 500 feet from its stalling point (Fig. 105). 
It would appear from indications that the furnace door 
of this boiler had been closed after the fire was banked, 
and, the water being low, steam was generated until the 




Fia. 104.— Starting-point after the Explosion. 

bursting pressure was reached, when the boiler exploded, 
with the results as above. 

It has been stated (p. 231) that over-pressure may be 
due to the communication between the safety-valve and 
boiler being shut off by some valve or other means ; and 
that such an accident may occur when the safety-valve 
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is injudiciously placed on the steam-pipe, beyond the 
steam shut-off valve. 

Such an arrangement is bad enough, but it is eclipsed 
by that shown in Fig. 106, where two boilers working 
side by side are each provided with a separate stop-valve 
and only one gauge and safety-valve, the latter being 
placed outside the stop-valves. ^^ It will readily be seen 
that if one boiler is shut down for any reason, the stop- 
vajve must be closed and there will be a chance that 
when again put into use the attendant may forget to 




Fia. 105.- Flight of the Boiler. 

open the valve. If he does forget this, there is almost a 
certainty that a rupture of some part of the boiler will 
result. We have known of several explosions which 
have occurred from this cause. The one from which 
the wreck shown in our illustration resulted occurred 
but a short time since. The owners were careful and 
responsible men who wanted things all right, and sup- 
posed when the boilers were set and connected that every- 
thing was as it should be. The steam-fitter, however, 
put the work up as shown in Fig. 106, and the owners, 
not being practically familiar with this kind of work, 
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thought it was all right. For some reason one boiler was 
shut down and the steam-gauge removed for repairs. 
When the boiler was fired up, the engineer neglected to 
open the stop-valve, and, there being no outlet for the 
steam or connection with the safety-valve, a terrific 




Fig. 106.— Boilers before Explosion, showing Imperfect Connections. 

explosion followed, portions of the boiler being thrown 
over 700 feet. 

^^ We have had Fig. 107 engraved to show how these 
boilers should have been connected. A safety-valve for 
each boiler is placed directly upon the shell, there being 
no possible chance to cut oif communication with the 
boiler. Each boiler is also provided with its own steam 
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pre8SQre«gftQge^ directly cooneoted. The first rule to be 
observed in connecting up steam-boilers is : Nerer put 
a atop-valTe between the boiler and safety-yalve/^ * 

Besides being properly connected^ it is of essential 
importance that the safety-valve bo free to act. A 
safety-valve recovered from a disas^^'ous explosion in 




Fio. 107.— Proper Arrangement. 

Jersey City was so corroded that, upon being tested by 
Professor Thurston, it required a pressure of one and a 
half tons to start it, and nearly two tons to move it 
observably, f If this valve had been eased from its seat 
two or three times a week, or what is better, every day, 

* Locomotive, 1886. 

t American Machinist, 1881. 
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there would have been no opportunity for its parts to 
stick fast. 

When a safety-valve becomes inoperative or is so situ- 
ated that closing the stop-valve preyents the escape of 
steam, it is a matter of only a few minutes before the 
pressure of the steam will exceed- the limit of safetj. - 

The rate of increase of pressure may be calculated by 
the following formula given by Zeuner,* viz. : 

in which T= the time in minutes which must elapse 
from the instant that all efflux of steam is prevented in 
a boiler to the instant when a dangerous pr bursting 
pressure must follow ; }V is the weight of water in the 
boiler ; t^ , the temperature of the water due to a danger- 
ous pressure; t, the temperature due to the working 
pressure ; and Q, the quantity of heat, expressed in Brit- 
ish thermal units, transferred to the water per minute. 

The formula shows that the time will vary as the 
quantity of water, and inversely as the quantity of heat, 
transferred, which is what might be expected. 

To illustrate this formula, suppose a multitubular 
boiler having twenty square f6et of grate surface and 
burning twelve pounds of coal per square foot of grate 
per hour, each pound of coal evaporating nine pounds of 
water, the boiler to have a working pressure of 80 pounds 
per square inch and to contain 5000 pounds of water; 
let the bursting pressure be 275 pounds per square inch. 
How long will it take to reach this pressure after closing 
the outlet valve ? 

The coal burned will be 240 pounds per hour, which 
will evaporate 2160 pounds of water per hour or 36 
pounds per minute. From the Table of Properties of 

* Trowbridge, Heat and Heat-engines. 



COMBUSTION OF COAL. 



397- 



Saturated Steam, p. 303 and following, t^ = 414.4 and t = 
324.1; therefore t, — t = 90.3. Assuming Q to equal 
1050, approximately, we obtain 



T=z 



5000 X 90.3 



= 11 minutes 57 seconds. 



36 X 1050 

Combustion of Coal (p. 245). The following table 
compiled from various sources shows the values of 
American fuels from different localities : 

American Coals. 





k>AL. 

KIND OF COAL. 


% 

¥ 


Theoretical Value 


c 

8TATB. 


in heat 
units. 


in 

pounds 

of water 

evap. 


(( 


Anthracite 


S.49 
6.13 
2.00 

15.02 
6.. 50 

10.77 
6.00 
5.60 
9.50 
2.75 
200 

14.80 
7.00 
6.20 
6.60 
5.50 
2.50 
5.66 
6.00 

18.98 
5.00 
9.25 
4.50 
4.50 
8.40 


14.199 
13,585 
14,221 
13,148 
18,368 
13,155 
14,021 
14,265 
12.824 
14,891 
15,198 
13.360 

9.826 
13,025 
13,123 
12,659 
13,588 
14.146 
13,097 
12,226 

9,215 
18,562 
18,866 
12.962 
11.651 
20,746 


14.70 
14.01 
14.72 


«t 


Cannel 


13.60 


t( 


Connellsville 


13.34 


t( 


Semi-bituminous 


13.62 


ti 


Stone's Gas 


14.51 


(( 


Youghiogheny 

Brown 


14.76 
12.75 


Kentucky. ...« 


Caking 

Cannel 


14.89 
16.76 
13.84 


niinois....' .'.*.'.".*..' .*.'.'.'.' 


Lignite 

Bureau Co. 

1 Mercer Co 


9.65 
13.48 
13 58 


Indiana 

*« ] 

Maryland".*.!.'!.;;*.'..'.'! 

Arkansas 

Colorado 


Montauk 

Block 

Caking 

Cannel 

Cumberland 

Lignite 

44 
* (( 


18.10 
14.88 
14.64 
18.56 
12.65 
9.54 
14.04 
14.3.') 


Texas •* 


18.41 


Washin^rton 

Pennsylvania 


** 

.*.*.*.*.*. .*.*. . . ! ! . ! !Petroleum 


11.96 . 
21.47 



^' Slack ^' or the screenings from coal, when properly 
mixed— anthracite and bituminous, — and burned by 
means of a blower on a grate adapted to it, is nearly 
equal in value of combustible to coal, but its percentage 
of refuse is greater.* 

* Steam. 
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The effectire value of all kinds of wood per pounds 
when dry, is substantially the same. This is usaally 
estimated at OA, the value of the same weight of coal. 

In the foregoing table a pound of petroleum is given 
as having a value of 20,746 heat units, equal to the 
evaporation of 31.47 pounds of water. As there is very 
little waste in burning oil, a pound of petrcdenm is 
equal to about 1.8 pounds of coal. Experiments in 
Bussia, where it is largely used as fuel on locomotives and 
steamers, have shown practically the same value — ^1.77. 

Petroleum when properly burned offers many advan- 
tages as a boiler fuel ; among these are : economy in 
labor, cleanliness, uniformity of heat, freedom from 
sudden changes of temperature in the boiler plates due 
to opening the furnace doors, and the ability to start 
and extinguish the fire instantly. 

There being no coal and ashes to handle, or fii*es to 
clean, one man can readily do the work of several when 
oil is the fuel burned. 

Among its disadvantages enumerated by Isherwood 
are : danger of explosions occurring by the taking fire 
of the vapors which are liable to arise from the fuel, 
and to escape from the tanks ; loss of fuel by evapora- 
tion; the unpleasant odors which distinguish these 
vapors ; and the comparatively high price, which price 
would be augmented by any general introduction of the 
proposed application of the oils. 

In regard to the latter, the economy of burning petro- 
leum depends upon the relativa prices of the different 
fuels in a given locality. It has been shown by Mr. L. 
P. Breckenridge * that if 0= price per barrel of oil (307 
pounds) and 7= price per ton of coal (2000 pounds), 
then : .— 

* JourDal Eng. Soc. Lehigh University. 
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When 3.44 C> T, it is cheaper to burn coal. 
'' 3.44 C<Ty'' '' '' " '' oil. 
Fig. 108 represents the method and apparatus for 
burning petroleum as adopted by the Aerated Fuel Co. 
of Springfield, Mass. The oil is supplied from a reser- 
voir or storage tank, preferably underground, and fed 




Fio. 108. 

to the burners by means of compressed air which ato- 
mizes the oil in the furnace. 

Heating Surfaces of Multitubular Boilers. The usual 
practice in the United States gives a greater ratio of 
length to diameter than 24 to 1. For marine boilers 
Isherwood says: "For a tube 3 inches in diameter a 
length of 38 diameters will be found a good proportion 
with a rate of combustion exceeding 12 pounds of an- 

* American MachiDist, 1886. 
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thracite per hour/' Mr. William Lowe* gives the fol- 
lowing: "Length of boiler-tubes from 2 to 4 inches in 
diameter should not exceed 5 feet in length per inch 
in diameter." 

According to this the limit of length for a 2^inch 
tube would be 12i|^ feet, for a 3>inch tube 15 feet, and 
for a 4-inch tube 20 feet, these sizes being frequently 
met with in practice, although a lesser length would 
probably be an advantage. It is true that by increasing 
the length of tubes the heating surface is increased also, 
but any increment in length requires a greater draught 
in order to maintain the velocity of the gases at the end 
of the tubes. For proportions greater than those just 
given the increase of power thus obtained is not propor- 
tional to the consumption of fuel, as it will take a greater 
amount of coal pro rata to the power produced for the 
longer tubes than for the shorter. 

According to the deductions of M. Havrez * the quan- 
tities of water evaporated by consecutive equal lengths 
of boiler-tubes decrease in geometrical progression, while 
the distances from the commencement of the series in- 
crease in arithmetical progression. The point at which 
the law begins being that at which the radiation of heat 
from the fuel ceases and heat is communicated by con- 
duction alone. 

The arrangement of tubes in any given boiler should 
be such as to allow vertical passages of ample size be- 
tween the tubes, and also the shell, for the circulation 
of the water ; to provide a sufficiently large steam-space 
to prevent the water from being carried out of the boiler 
with the steam ; and to provide proper means for clean- 
ing and examination, and at the same time altow an 
ample water-space at the bottom of the boiler. 

* Annales du Genie Civil, 1874. 
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The distance of tubes from centre to centre in hori- 
zontal and vertical rows should be from one and a third 
to one and a half times the diameter of the tube ; and- 
the distance between the centre rows should be about 
twice what it is in the other rows. A distance of three 
inches between the outer row of tubes and the boiler 
shell is generally adopted, but a greater space is some- 
times provided. A distance equal to one tenth the 
diameter of boiler is used by a prominent manufac- 
turer on boilers less than 48 inches in diameter, and 
one twelfth the diameter is used with 48-inch boilers 
and upward. The distance from top of tubes to top of 
shell should be about two fifths of the diameter of the 
boiler. As a rule, the greater the height of this steam- 
space the drier will be the steam ; and also the less the 
liability of water being carried over bodily. Where 
steam domes or drums are used, this height is often 
made from one third to three eighths the diameter of 
boiler. 

In the ordinary types of return tubular boiler the 
combined area of opening through the tubes varies from 
one tenth to one seventh of the grate area when work- 
ing with good chimney draught. The grate area being 
determined, the size and number of tubes may be readily 
obtained from the above proportions: one tenth being 
sufficient for a consumption of 12 pounds coal per 
square foot of grate, and one seventh for the maximum 
fuel consumption without forced draught. 

For stationary boilers the size of tube varies from 2^ 
to 4 inches outside diameter, 3 inches being the size 
generally adopted. In estimating the heating surface 
of a tube the inside diameter is used for fire-tubes and 
the outside diameter for water-tubes. 

The following table will facilitate calculation of areas 
and heating surfaces in boiler-tubes: 



402 



A tREAtlSlg OK STfcAM-BOiLEWl 



Lap-iheldbd American Chabcoal-iron BoiLSR-TVBtBS. 

TABLB OF STANDARD DIHXNSIONB. 



II 



£S8 



!^ 



I 
1 

3 



t 



rns. 

1H 



ItlS. 

0.07S 
0.088 
0.09H 
100 
0.109 
0.110 

o.iao 
o.iio 

0.140 
0.161 



Ins. 

0.856 

i.e84 

1.804 

8.288 

2.783 

8.862 

8.741 

4.241 

4.72 

5.690 



Inches. 

2.689 
4.191 
5.667 

8.743 
10.248 
11. 7M 
13.8d8 
14.818 
17.904 



Incliefl, 
8.142 

4.719 

6.283 

7.864 

9.425 

10.095 

12.560 

14.187 

16.708 

18.840 



Feet 
4.460 
0.808 
2.118 
1.678 
1.378 
1.171 
1.028 
0.901 
0.809 
0.670 



Feet. 
8.819 
2.647 
1.909 
1.6® 
1 278 
1 001 
0.9^5 
0840 
0.764 
0.68t 



iDches, 

0676 

1.896 

2.556 

4.094 

6.083 

8.367 

10.992 

14.126 

17.497 

26.600 



Incbfs. 
0.786 
li.7W7 
8.142 
4.Si00 
7.069 

o.«n 

12.566 
16.804 
10.635 
88.274 



0.708 
1.860 
1.981 
8.W 
3833 

i.tm 

6.320 
B.OID 
7.228 
0.818 



In order to obtain a good body of water directly over 
the fire, and also to insure good circulation, the tubes 
should not be carried down near the bottom of the shell. 
It has been found by experiment that if the two lower 
rows of tubes be plugged up in a horizontal tubular 
boiler, where the tubes extend down near the bottom, 
the eflBciency is not impaired. The heated gases after 
passing over the bridge wall flow along the bottom of the 
boiler, then turn upward at the rear end and enter the 
tubes. The action of the gases flowing along the boiler 
shell is similar to the flow of water in pipes with a sharp 
bend — the tendency is to curve outward from the inner 
angle and thus the heat is carried away from the lower 
tubes. Moreover, the hotter particles of the heated 
gases ascend and enter the upper rows of tubes, — the 
denser and hence colder portions entering below the 
upper rows. The small proportion of these heated gases 
which enters the lower tubes is comparatively cool and 
adds little to the eflBciency of the boiler. 

Isherwood found by experiment that the gases leaving 
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the lower rows of tubes were often nearly 300° P. cooler 
than those emerging from the upper rows. 

In boilers of this class, therefore, seeing that tubes 
near the bottom of the shell are of no great benefit and 
often may be, and are, a serious cause of danger and ex- 
pense in preventing proper circulation and offering sur- 
faces for the deposit of sediment, the tubes should be 
kept well up from the bottom and a man-hole placed in 
the front head. This will give a proper depth of water 
directly over the furnace, and will also provide suitable 
means for cleaning out the scale and sediment which 
cannot be removed by blowing off. For boilers under 
42 inches diameter a 6" by 8" hand-hole may be used 
instead of the man-hole. When man-holes are thus in- 
serted in large boilers, the area of head not supported by 
the tubes should be properly braced — especially the back 
end. This is best attained by using through braces from 
end to end, as, where crow-foot braces riveted to the shell 
are used they are liable to form a lodgment around the 
foot for sediment, which is apt to accumulate and lead 
to overheating. Long rods jumped up and threaded at 
each end make a good brace for this purpose, being 
screwed through both heads and riveted over like a fire- 
box stay-bolt. 

As previously stated, p. 290, the evaporative value of 
a square foot of heating surface varies in different classes 
of boilers as well as in the same boiler, according to its 
nature, condition, position, etc. 

If all the heat were utilized, the theoretical evapora- 
tion of one pound of the best American anthracite as 
given in table p. 397 would be about 15 lbs. of water 
from and at 212°; in the best boilers and under the most 
favorable circumstances only about eighty per cent, of this 
has been attained. During the tests at the Centennial 
Exposition in 1876 a Babcock and Wilcox water-tube 
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boiler evaporated 12.13 pounds of water per pound of 
combustible from and at the boiling point, and the aver- 
age of fifteen boilers of various types and by different 
makers tested at that time was 10.27 pounds of water 
per pound of combustible evaporated from and at 212*" F. 

The average ratio of heating surface to grate area as 
determined at the Centennial tests was as 34.59 to 1 ; and 
the average evaporation was 2.99 pounds of water per 
square foot of heating surface per hour, varying from 
1.76 as the minimum to 9.09 maximum. The average 
temperature of the escaping gases as they passed into the 
flue was 410° F. 

D. K. Clark gives as the results of numerous experi- 
ments with locomotive boilers containing from 52 to 90 
square feet heating surface to each square foot grate area 
and with varying rates of combustion an average evapo- 
ration of nine pounds of water, at the ordinary pressures 
and temperatures, for each pound of fuel (coke), the 
evaporation being constant at nine pounds of water to 
one of fuel. 

Isherwood found by varying the rates of combustion 
in horizontal tubular boilers with ratio of heating to 
grate surface as 25 to 1, that the quantity of water 
evaporated per pound of fuel decreased as the quantity 
of fuel consumed per square foot of grate surface in- 
creased, thus : 

Table op Evaporations. {Isherwood,) 



Fuel ptT hour in pounds 
persii, ft. KiTftte 

Pounds water evapo- 
rated from 313*" per 
pound coal... 

Temp, escaping gases h\ 
ili^greea 

Froptirtional weight 
steflm fuml-shed fi> 
equal time....... 

PtopnrtiDTiiil wetfjlit 
Btearn per uii[t r^f fuel. 



Q 


8 


10 


la 


14 


1« 


18 


SO 


1D.4& 


10.35 


10,05 


9.53 


8.87 


3.21 


7.W 


T.aa 


444 


472 


53S 


63& 


ree 


8ffT 


ODU 


\m 


1. 


1.31 


1 50 


i.Sl 


i.w 


see 


S,W 


5.39 


1 


M 


.&■! 


M 


.84 


,7S 


.73 


M 



S9 



7.04 e.ss 
nao,u74 



I 



'"1 
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A consideration of the above will show that the quan- 
tity of water evaporated per square foot of heating 
surface depends upon the quantity of fuel consumed, as 
shown by the following deductions — ^the ratio of heating 
to grate surface being constant, viz., 25 to 1 : 



Fuel per hour per square tt. of 



Vater evaporated ftom ;213^ 
per 3q. ft. heating surface. . . 

Fuel per sq. ft. heating sur- 
face 



lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


6 


8 


10 


12 


14 


16 


18 


20 


22 


2.52 


3.31 


4.02 


4.57 


4.96 


5.25 


5.54 


5.86 


6.19 


.24 


.32 


.4 


.48 


.56 


.64 


.72 


.80 


.88 



lbs. 



6.54 



Horse-power of Boilers (p. 298). From the foregoing 
it will be seen that any rule for rating boilers, dependiug 
upon the grate or heating surface, is in no wise a meas- 
ure of the power or efficiency, as, with different rates of 
combustion, the same boiler will evaporate different 
quantities of water. By forcing the fires and consum- 
ing more fuel the evaporative power of a boiler may be 
increased, and the total weight of water converted into 
steam will give a measure of its capacity, while the effi- 
ciency is measured by the amount of water converted 
into steam with a given quantity of fuel; this is the 
measure of its economical performance. 

As boilers are often rated commercially upon an aver- 
age evaporation per square foot of heating surface, the 
following table gives the number of square feet of heat- 
ing surface per horse-power generally allowed in the 
various types of boilers; from which the horse-power is 
approximately estimated when the boiler is run under 
ordinary conditions: 



m 
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Ratio of Hbatiko Survacb to HoRffls-PowBB and 

GbATB 8URFACB. 



trra. 


Square feet of heatiog 
^tiiTace per horse-power. 


8quare feet of heating 
to grate surface. 


Water-tube 


10 to 12 

14 to 18 
8 to 12 
6 to 10 

12 to 16 

15 to 20 


85 to 40 


Multitubular 

Flue 


25 to 35 
20 to 25 


Plain Cylindrical.... 
Locomotive 


12 to 15 
50 to 100 


Vertical 


25 to 80 







The term horse-power as thus applied to boilers is very 
indefinite, as, with different engines, the same boiler 
worked under the same conditions might furnish suffi- 
cient steam to develop 40 horse-power in one case and 
only 15 in another. 

The ordinary slide-valve eugine requires the evapora- 
tion of 50 to 60 pounds of water per houi; to produce one 
horse-power as determined by the indicator; automatic 
cut-off engines require about 30 pounds of water per 
hour; while large condensing and compound engines re- 
quire only about 20 pounds. 

In order to rate boilers commercially with any degree 
of accuracy it is necessary to assume some standard as 
the unit of boiler power; this unit, as adopted by the 
Committee of Judges at the Centennial Exhibition, and 
later by the American Society of Mechanical Engineers,* 
gives for a commercial horse-power a7i evaporation of 30 
pounds of water per hour from a feed-water temperature 
of 100° F. into steam at 70 pounds gauge pressure^ 
which shall be considered to be equal to 34^ units of 
evaporation; that is, to 34^ pounds of water evaporated 
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from a feed-water temperature of 212° F. into steam at 
the same temperature. This standard is equal to 33^305 
thermal units per hour. The "unit of evaporation*^ 
therefore being one pound of water at 212° F. evap- 
orated into steam of the same temperature. As the 
temperature of the feed-water varies in diiferent boilers, 
and as the quality of the fuel also varies, it is necessary, 
in order to compare the evaporative power of one boiler 
with another, to reduce the number of pounds of feed- 
water evaporated from a given initial temperature per 
pound of coal, into an equivalent evaporation frmn and 
at the boiling point, per pound of combustible ; that is, 
what the evaporation would have been if the coal had 
been without ash, the feed-water at 212°, and the steam 
delivered at atmospheric pressure. 
The following formula will enable this to be calculated : 

^ -^ ^ 965.7 y 

where FT' = the equivalent evaporation from and at 
212°; 
W = the observed evaporation per pound of 

combustible ; 
h = the observed temperature of feed ; 
H = the total heat of steam at observed pressure. 
For the value of H see table p. 303. 
To facilitate the calculation of boiler trials the sub- 
joined table, abstracted from those compiled by Mr. 
Wm. Kent,* will be found very useful in obtaining the 
equivalent evaporation from and at 212°. 

* Am. Soc. M. E., 1884. 
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Pactors op Evaporation. 



PRB8- 


8UIIX. 


h 


-J 


J. 2 


64— 


S-S 


^ 


o 


15 





2& 


10 


85 


20 


45 


ao 


65 


40 


65 


50 


75 


60 


85 


70 


95 


80 


105 


00 


115 


100 


1\» 


no 


i:tt 


120 


145 


190 


155 


140 


305 


150 



Fkbd-watkb TempbraTurk. (Fahr.) 



818 900 186 170 155 140 125 110 96 80 60 60 



Fi.cTOR8 OF Evaporation. 



1.000 

1.009 

1.015 

1.020 

1. 

1.027 

1.090 

1.083 

1.085 

1.038 

1.040 

1.042 

1.014 

1.045 

1.04' 

1.049 



0131 
031|1 
.02811 
082 
086 
040 
043 
045 
048 

av) 

.062 

054 

056 
.058 
.060 

061 



0891 
0371 
0431 
0481 
0521 
0551 
0581 
0611 
064,1 
0661 
0681 
070 1 
0721 

074 1 

075 1 
0771 



044 
053 
059 
064 
068 
071 
074 
.077 
.079 
.082 
.084 
.086 
.08S 
.069 
.091 
.09-» 



1.060 
1.068 
1.074 
1.079 
1.083 
1 087 
1.090 
1.092 
1.095 
1.097 
1.099 
i.lOl 
1.103 
1.105 
1.107 
1.108 



.076 1 
.084 1 
.0901 
.0951 
.099 1 
.1021 
.105 1 
.1081. 
.111,1 
.1181 
.1151. 

1171. 

1191. 

121 1, 

li;,>l. 

1241. 



0911 
lOOll 
1061 

no 

114 
118 
121 
124 
126 
128 
181 
133 
134 
136 
188 
139 



.205 

1.206 

1.210 

.212 

.•J14 

216 

n. 20x11 2i 



169 
.177 

184 

188 
.19-4 
.196 

199 



1.188 
1.1% 
1 202 

1 run 

1.211 
1.214 
1.218 
1.25*0 
1.2^3 
1.2-i^> 
1.227 
1.2-J9 
1.2:J1 
1.2:« 
.284 
.230 



To show the application of this table suppose that, 
during a boiler test, the total quantity of water evap- 
orated at the feed temperature of 208° F. to be 55,300 
pounds ; gauge pressure 50 pounds per square inch. 

Pounds of coal burned = 5834 ; 

Pounds of refuse = 630 ; 

Therefore 5824 — 630 = 5194 pounds of combustible 
burned. ' 

-z^Tj- = 9«49 pounds of water evaporated per pound of 

coal, actual conditions. 

For a gauge pressure of 50 pounds from feed-water 
at 208° the factor 1.03 (about) is found from the 
table ; which multiplied by 55,300, — quantity of water 
at feed temperature — equals 56,959 pounds equivalent 
evaporation at 212°. The equivalent evaporation di- 
vided by total pounds of combustible gives 10.98 pounds 
of water evaporated per pound of combustible from 
and at 212°. If 34 J^ pounds of water evaporated from 
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and at 312° is the equivalent of one horse-power, then 

56959 
the boiler will develop = 165 horse-power. 

The following code of rules for governing boiler trials, 
prepared by a committee of the American Society of Me- 
chanical Engineers,* gives, in a condensed form, the 
general directions to be observed and methods employed 
while conducting a boiler trial. 

CODE OF RULES FOR BOILER TRIALS. 
PRELIMINARIES TO A TEST. 

I. In preparing for and conducting trials of steam- 
boilers, the specific object of the proposed trial should 
be clearly defined and steadily kept in view. 

II. Measure and record the dimensions, position, etc., 
of grate and heating surfaces, flues and chimneys, pro- 
portion of air space in the grate surface, kind of draught, 
natural or forced. 

III. Put the boiler in good condition. Have heat- 
ing surface clean inside and out, grate-bars and sides of 
furnace free from clinkers, dust and ashes removed 
from back connections, leaks in masonry stopped, and all 
obstruction to draught removed. See that the damper 
will open to full extent, and that it may be closed when 
desired. Test for leaks in masonry by firing a little 
smoky fuel and immediately closing the damper. The 
smoke will then escape through the leaks. 

IV. Have an understanding with the parties in whose 
interest the test is to be made, as to the character of the 
coal to be used. The coal must be dry, or, if wet, a 
sample must be dried carefully and a determination of 
the amount of moisture in the coal made, and a calcu- 
lation of the results of the test corrected accordingly. 

* Transactions, 1884. 
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Wherever possible, the test should be made with 
standard coal of a known quality. For that portion of 
the country east of the Alleghany Mountains good an- 
thracite egg coal, or Cumberland semi-bituminous coal 
may be taken as the standard for making tests. West 
of the Alleghany Mountains and east of the Missouri 
River, Pittsburgh lump coal may be used.* 

V. In all important tests a sample of coal should be 
selected for chemical analysis. 

VI. Establish the correctness of all apparatus used in 
the test for weighing and measuring. These are : 

1. Scales for weighing coal, ashes, and water. 

2. Tanks or water-meters for measuring water. 
Water-meters as a rule should be used as a check on 
other measurements. For accurate work the water 
should be weighed or measured in a tank. 

3. Thermometers and pyrometers for taking temper- 
atures of air, steam, feed-water, waste gases, etc. 

4. Pressure gauges, draught gauges, etc. 

VII. Before beginning a test the boiler and chimney 
should be thoroughly heated to their usual working 
temperature. If the boiler is new, it should be in con- 
tinuous use at least a week before testing, so as to dry 
the mortar thoroughly and heat the walls. 

VIII. Before beginning a test, the boiler and con- 
nections should be free from leaks, and all water con- 
nections, including blow and extra feed pipes, should 
be disconnected or stopped with blank flanges, except 
the particular pipe through which water is to be fed to 
the boiler during the trial. In locations where the re- 



* These coals are selected because they are about the only coals 
which contain the essentials of excellence of quality, adapta- 
bility to various kinds of furnaces, grates, boilers, and methods 
of firing and wide distribution and general accessibility in the 
markets. 
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liability of the power is so important that an extra feed- 
pipe must be kept in position, and, in general, when for 
any other reasons water pipes other than the feed-pipes 
cannot be disconnected, such pipes may be drilled «o as 
to leave openings in their lower sides, which should be 
kept open throughout the test as a means of detecting 
leaks, or accidental or unauthorized opening of valves. 
During the test the blow-off pipe should remain ex- 
posed. If an injector is used, it must receive steam 
directly from the boiler being tested, and not from a 
steam-pipe or from any other boiler. 

See that the steam-pipe is so arranged that water of 
condensation cannot run back into the boiler. If the 
steam-pipe has such an inclination that the water ot 
condensation from any portion of the steam-pipe system 
may run back into the boiler, it must be trapped so as to 
prevent this water getting into the boiler without being 
measured. 

STARTING AND STOPPING A TEST. 

A test should last at least ten hours of eontititfoag 
running and twenty-four hours whenever practicable. 
The conditions of the boiler and furnace in all respects 
should be, as nearly as possible, the same at the end as 
at the beginning of the test. The steam pressure 
should be the same, the water level the same, the fire 
upon the grates should be the same in quantity and 
condition, and the walls, flues, etc., should be of the 
same temperature. To secure as near an approximation 
to exact uniformity as possible in conditionis of the fire 
and in the temperatures of the walls and fines, the fol- 
lowing method of starting and stopping a test should be 
adopted : 
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X. Standard Method. Steam being raised to the 
working pressure, remove rapidly all the fire from the 
grate, close the damper, clean the ash-pit, and as 
quickly as possible start a new fire with weighed wood 
and coal, noting the time of starting the test and the 
height of the water level while the water is in a quies- 
cent state just before starting the fire. 

At the end of the test, remove the whole fire, clean 
the grates and ash-pit, and note the water level when 
the water is in a quiescent state ; record the time of 
hauling the fire at the end of the test. The water level 
should be as nearly as possible the same as at the begin- 
ning of the test. If it is not the same, a correction should 
be made by computation, and not by operating pump 
after test is completed. It will generally be necessary 
to regulate the discharge of steam from the boiler 
tested by means of the stop-valve for a time when fires 
are being hauled at the beginning and at the end of 
the test, in order to keep the steam pressure in the 
boiler at those times up to the average during the test. 

XI. Alternate Method. Instead of the standard 
method above described, the following may be employed 
where local conditions render it necessary : 

At the regular time for slicing and cleaning fires have 
them burned rather low, as is usual before cleaning, and 
then thoroughly cleaned ; note the amount of coal lef*; 
on the grate as nearly as it can be estimated ; note the 
pressure of steam aud the height of the Water level-^- 
which should be at the medium height to be carried 
throughout the test — at the same time ; ahd notfe -this 
time as the time of starting the test. Fresh coal which 
has been weighed should now be fired. The ash-^its 
should be thoroughly cleaned at once after starting. 
Before the end of the test the fires should be burned 
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low, just as before the start, and the fires cleaned in 
such a manner as to leave the same amount of fire, and 
in the same condition, on the grates as at the start. 
The water level and steam pressure should be brought 
to the same point as at the start, and the time of the 
ending of the test should be noted just before fresh coal 
is fired. 

DUBIlSrG THE TEST. 

XII . Keep the Conditions Uniform. The boiler should 
be run continuously, without stopping for meal-times or 
for rise or fall of steam due to change of demand for 
steam. The draught being adjusted to the rate of 
evaporation or combustion desired before the test is be- 
gun, it should be retained constant during the test by 
means of the damper. 

If the boiler is not connected to the same steam-pipe 
with other boilers, an extra outlet for steam with valve 
in same should be provided, so that in case the pressure 
should rise to that at which the safety-valve is set, it 
may be reduced to the desired point by opening the 
extra outlet, without checking the fires. 

If the boiler is connected to the main steam-pipe 
with other boilers, the safety-valve on the boiler being 
tested should be set a few pounds higher than those of 
the other boilers, so that in case of a rise in pressure 
the other boilers may blow ofiF, and the pressure reduced 
by closing their dampers, allowing the damper of the 
boiler being tested to remain open, and firing as usual. 

All the conditions should be kept as nearly uniform 
as possible, such as force of draught, pressure of steam, 
and height of water. The time of cleaning the fires 
will depend upon the character of the fuel, the rapidity 
of combustion, and the kind of grates. When very 
good coal is used and the combustion is not too rapid, a 
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ten-hoQr tert may be run without any eleauing of tba 
(rateg, other than just before the beginning and just 
before the end of the test. But in case the grates have 
to be cleaned during the test^ the intervals between one 
cleaning and another should be uniform. 

XIII. Koepisf the Beoords. The coal ehould be 
weighed and delivered to the firemen in equal portions, 
each sufficient for about one hour^s run, and a fresh 
portion should not be delivered until the previous one 
has all been fired. The time required to consume eech 
portion should be noted, the time being recorded at tbe 
instant of firing each new portion. It is desirable that 
at the same time the amount of water fed into the boiler 
should be accurately noted and recorded, including tbe 
height of the water in the boiler, and the average prea- 
sure of steam and temperature of feed during tbe time. 
By thus recording the amount of water evaporated- by 
successive portions of coal, the record of the test may 
be divided into several divisions, if desired, at tbe end 
of the test, to discover the degree of unijformity of com- 
bustion, evaporation, and economy at different stages of 
the test. 

XIV. Priming Testa. In all tests in which accuracy 
of resnlts is important, calorimeter tests should be made 
of the percentage of moisture in the steam, or of the 
d^ee of superheating. At least ten such tests should 
be made during the trial of the boiler, or so many as tg 
reduce the probable average error to less than one per 
cent, and the final records of the boiler test corrected 
aocording to the average results of the calorimeter tests. 

On account of the difficulty of securing accuracy in 
these tests, tbe greatest care should be taken in the 
measurements of weights and temperatures. The ther- 
inometer should be accurate to within a tenth of a de* 
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gree, and the scales on which the water is weighed to 
within one hundredth of a pound. 

XY. Analysis of Qases — Measurement of Air Supply, 
etc. In tests for purposes of scientific research, in 
which the determination of all the variables entering 
into the test is desired, certain observations should be 
made which are in general not necessary in tests for 
commercial purposes. These are the measurement of 
the air supply, the determination of its contained mois- 
ture, the measurement and analysis of the flue gases, the 
determination of the amount of heat lost by radiation, 
of the amount of infiltration of air through the setting, 
the direct determination by calorimeter experiments of 
the absolute heating value of the fuel, and (by conden- 
sation of all the steam made by the boiler) of the total 
heat imparted to the water. 

The analysis of the flue gases is an especially valuable 
method of determining the relative value of different 
methods of firing, or of different kinds of furnaces. In 
making these analyses great care should be taken to 
procure average samples, since the composition is apt to 
vary at different points of the flue, and the analysis 
should be intrusted only to a thoroughly competent 
chemist who is provided with a complete and accurate 
apparatus. 

As the determinations of the other variables men- 
tioned above are not likely to be undertaken except by 
engineers of high scientific attainments, and as appa- 
ratus for making them is likely to be improved in the 
course of scientific research, it is not deemed advisable 
to include in this code any specific directions for making 
them. 

XVI. Eecord of the Test. A '' log '' of the test should 
be* kept on properly prepared blanks, containing head- 
ings as follows: 
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PRB8ST71UBS. 


TBtmOUTUBIS. 


FUBL. 


Fbbi>- 

WATKR. 


Time. 


1 
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XVII. Beporting the Trial. The final results should 
be recorded upon a properly prepared blank, and should 
include as many of the following items as are adapted 
for the specific object for which the trial is made. The 
items marked with a * may be omitted for ordinary 
trials, but are desirable for comparison with similar 
data from other sources : 

Results of the trials of a 

Boiler at 

To determine '. 









1. Date of trial 


hours. 

sq. ft. 
sq.ft. 
sq. ft. 

lbs, 
lbs. 

in. 

in. 




2. Duration of trial 




Dimensions and Proportions, 
[Leave space for complete description.] 

3. Grate surface wide long area 

4 W^ater-heatiner surface 




5. SuDerheatinsr surface 




6. Ratio of water-heating surface to grate surface 

Average Pressures. 

7. Steam oressure in boiler bv crau&re..* 




*8 Absolute steam "nressure 




*9. Atmosoheric oressure. oer barometer 




10 Force of drausrht in inches of water. 
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Average Temperatures. 

*11. Of external air 

*12. Of lire-room 

*1 3. Of steam 

14. Of escaping gases 

15. Of feed- water 

Fuel. 

16. Total amount of coal consumed f 

17. Moisture in coal 

18. Dry coal consumed 

Idp Total refuse, dry. . . .pounds = 

20. Total combustible (dry weight of coal, item 

18, less refuse, item 19) 

*21. Dry coal consumed per hour 

*22. Combustible consumed per hour 

Results of CaUyi'imetric Tests. 

23. Quality of steam, dry steam being taken as 

unity 

24. Percentage of moisture in steam 

25. No. of degrees superheated 

Water, 

26. Total weight of water pumped into boiler and 

apparently evaporated % 

27. Water actually evaporated, corrected for qual- 

ity of steam § 

28. Equivalent water evaporated into steam from 

and at 212° F.§ 

*29. Equivalent total heat derived from fuel in 
British thermal units § 

30. Equivalent water evaporated into dry steam 

from and at 212° F. per hour 

Economic Evaporation. 

31. Water actually evaporated per pound of dry 

coal, from actual pressure and tempemture i; 

33. Equivalent water evaporated per pound of dry 

coal from and at 212" F.§ 

33. Equivalent water evaporated per pound of 

combustible from and at 212" F.§ 

Commercial Evaporation. 

34. Equivalent water evaporated per pound of dry 

coal with one sixth refuse, at 70 pounds 
gauge -pressure, from temperature of 100" 
F. = item 33 multiplied by 0.7249 



deg. 
deg. 
deg. 
deg. 
deg. 

lbs. 
percent 

lbs. 
percent, 

lbs 
lbs. 
lbs. 



per cent, 
deg. 



lbs. 
lbs. 
lbs. 
BTU. 
lbs. 

lbs. 
lbs. 
lbs. 



lbs. 
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85. 



*86. 
*38. 



Bate of CanUmsUan. 
Dry coal actually burned per square foot of 

grate surface per hour 

' Coosumptlun of ~ 

dry coal. Coal 

assumed with 

one sixth ref- 

Luse.g 



Per sq. ft. of grate surface 
Per sq. ft. of water-heatiug 

surface 

Per sq. ft. of least area for 

draught... 



Bate of Evaporation. 
Water evaporated from and at 212° F. per 
square foot of heating surface per hour. 



*40. 
*41. 
*42. 



43. 

44. 
45. 



Per sq. ft. of grate sur- 
face 

Per sq. ft. of water heat- 
ing surface 

Per sq. ft. of least area 
for draught. 



Water evaporated 
per hour from 
temperature of 
'^ 100° F. into steam 
ofTOpoundsgauge- 
pressure.§ 

Commercial Horse-potoer, 

On basis of 30 pounds of water per hour evapo- 
rated from temperature of 100° F. into steam 
of 70 pounds gauge-pressure (= 34^ lbs. 
from and at 21 2^) § 

Horse-power, builders* rating, at. . . .square 
feet per horse-power 

Per cent developfed above or below rating § 



lbs. 
lbs. 

lbs. 

lbs. 

lbs. 
lbs. 
lbs. 
lbs. 



H. P. 

H. P. 

per cent. 



• See reference in parafrraph preceding table. 

t Including equivalent of wood used in lighting fire. One pound of wood 
equals 0.4 pound coal. Not including unburnt coal withdrawn from fire at 
end of test. 

t Corrected for inequality of water level and of steam pressure at begin- 
ning and end of test. 

S The following shows how some of the items in the above table are de> 
rived from others: 

Item 27 = Item 26 X Item 23. 

Item 28 = Item 27 X Factor of evaporation. 
H — h 

Factor of evaporation = , IT and A being respectively the total heat 

965.7 
units in steam of the average observed pressure, and in water of the average 
observed temperature of feed, as obtained from tables of the properties of 
steam and water. 

Item 29 = Item 27 X (H- h). 

Item 31 = Item 27 ■*- Item 18. 

Item 32 = Item 28 -4- Item 18 or = Item 31 X Factor of evaporation. 

Item 88 = Item 28 ■*■ Item 20 or = Item 82 -t- (per cent. 100 - Item 19). 

Items 36 to aS. First term = Irem 22 X j. 

Items 40 to 42. First term = Item 39 X 0.8698. 
Item 30 

Item 43 = Item 29 X 0.00003 or = ■ 



Item 45 = - 



34i 
Difference of items 43 and 44 

"Item 44 



J 
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The principal desiderata in a steam-boiler trial, what- 
ever the special object of such test may be, are, the 
combustion of fuel, the evaporation of water, and the 
quality of the steam. To determine these it is requisite 
to know, first, the number of pounds of fuel put into 
the furnace ; second, the number of pounds of water 
fed into the boiler ; and third, the quantity of water in 
a pound of steam generated. If these are not ascertained 
and recorded in a manner as to preclude all possibility 
of error, the accuracy of the test will be in doubt and 
its deductions untrustworthy. 

The coal supplied to the furnace may be weighed and 
brought into the boiler-room in loads of about 500 or 
600 pounds at a time and placed in a box on an ordinary 
platform scale. The exact time of weighing each 4oad 
and the net weight of coal should be recorded; the 
readings of the scale — balanced to allow for weight of 
box — and time of firing should also be noted, after each 
charge, and the box emptied before any other coal is 
brought into the boiler-room. By this means the total 
pounds of coal weighed at firing is a check on the total 
pounds of coal as recorded in box loads, besides furnish- 
ing the rate of firing. The advantage of keeping near 
the boiler only that coal which is recorded prevents an 
interested fireman from altering the result one way or 
the other, 

A single tank is sometimes used for measuring or 
weighing the water, but this involves stopping the pump 
wheji filling the tank. 

In order to obtain a continuous feed Mr. 0. E. Emery 
recommends the use of two tanks, one of which is used 
to pump from, and the other a measuring tank which is 
filled with water and weighed on an accurately balanced 
scale before being emptied into the receiving tank. 
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In order to ascertain the quality of the steam gener- 
ated some form of calorimeter is used by which the 
exact measurement of the heat contained in the steam 
is sought. The barrel calorimeter is in very common 
use for this purpose, and when the facilities for weigh- 
ing are accurate and capable of fine adjustment this 
apparatus can be made to give very close determinations. 
It consists of a barrel or tank, capable of holding from 
300 to 400 pounds of water, which is fitted at the bot- 
tom with an outlet valve of say 1^ or 2 inches diameter, 
and is provided with a fixed thermometer inserted 
through a cork in the side ; this barrel being mounted 
on a platform scale. A very accurate method of weigh- 
ing can be obtained by substituting a long graduated 
beai# for the one in general use with the ordinary plat- 
form scale and using therewith lighter weights and a 
lighter sliding balance. To operate the calorimeter the 
barrel is nearly filled with water and the weight and 
temperature ascertained. A pipe connected to the 
main steam-pipe- is provided with a valve near the 
calorimeter, and from the valve a rubber hose leads 
to the bottom of the barrel. This hose is sometimes 
terminated by an iron pipe capped on the lower end 
and perforated with holes drilled obliquely to the radii 
in order to more thoroughly mix the contents of the 
barrel. To remove all water of condensation which 
may be in the hose, and to warm it up thoroughly, steam 
is blown through outside the calorimeter ; when suffi- 
ciently warmed the hose is thrust into the tank and 
from ten to fifteen pounds of steam allowed to flow into 
the contained water, which will raise its temperature 
about 40° ordinarily. 

From the increase in weight and temperature the 
quality of the steam is calculated by means of steam 
tables. 
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The following formula and notation * will determine 
the desired percentage : 

Let W = original weight of water in calorimeter ; 
w = weight of water added by heating with 

steam ; 
T= total heat in water due to the temperature 
of steam at observed pressure ; , 

H = total heat of steam at observed pressure ; 
? = latent '' " '' '' 

t = total heat of water corresponding to initial 
temperature of water in calorimeter ; 

t^ = total heat in water corresponding to final 
temperature of water in calorimeter ; 

X = weight of steam at observed pressure ; 

Q z= quality of steam. 

'^'^^^ « = l = l[^<^.-^)-(^-^-)} 

Then when Q <\y percentage of moisture in steam 
= 100 (1 - Q). 

When Q> 1, number of degrees steam is superheated 
= 2.0833 Z(§- 1). 

Chimneys. The scope of the present work will not 
allow the presentation of the subject of chimneys : how- 
ever, in lieu of a discussion of this important part of a 
steam-plant, the following table, computed by Mr. Wm. 
Kent, will be found useful to the steam-user in de- 
termining the size of chimney to be used which will 
give the requisite draught for any desired number of 
horse-powers : 

* Centennial Report, 1880, voL vi. 
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Sizes of Chimkeys for Steam-boilehb. 

Formula, JJP = 8.88 U - 0.6 V^) f^, in which A = actual 
area in square feet, and A = height of chimney. 
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Adamson's flanged tube seams, 106, 110, 194, 209, 
Air admission. 270. 

" quantity required for combustion, 254. 

*' space through fire-grate, 163 
Allen, J. M., on machine riveting, 322. 
*' hydraulic testing, 381. 
Annealing steel plates, 46. 

" effects of, 49. 
Anthracite coal, 248. 
Anti-incrustation nostrums, 179. 
Armstrong on heating surface, 274. 

B. 

Babcock & Wilcox boiler, 23a. 

** economizer, 347. 

Bailey's fusible plug, 353. 
Ball valves, 114. 
Balloon boilers, 5a. 

Bamaby's experiments on punched steel plates, 48i 
Beading, 329. 
Bessemer steel, 44, 49, 52. 
Best Yorkshire iron, 33, 88, 64. 
Bituminous coal, 248. 
Blind rivet-holes, 67. 
Blisters, 35, 211, 230. 

Blowing-olf for preventing incrustation, 169. 
•* apparatus, 169. 
** waste caused by, 171, 308. 
" periodical, necessity of, 171, 176. 
'* apparatus choked up, 186. 
Blow-out apparatus, 358. 

" valves, defect of, 141. 

" protection of, 143. 
" '* wrs^is taps or plug cocks, 140. 

Boiler setting, 360-368. 
** foundations, 362. 

428 
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Boiler, hanging, 368. 
*• covering for, 367. 

trials, 409. 
" " starting and stopping a test, 411. 

" during the test, 418. 
" ** keeping the record, *14, 415, 416. 

" " priming tests, 414. 

" " analysis of gases, 415. 

** ** calorimeter, 420. 

Bourdon pressure-gauge, 185, 855. 
Bowling plates, 33. 

hoops for tubes, 109, 194. 
Braces, 340. 

Brands of plates^ 88, 86. 
Breeches-nued boilers, 15o. 
Brickwork about boilers, 156, 198, 360-867. 
Bridge, furnace, 154, 202. 
*' area over, 155. 
" inverted, 155. 
Brittleness of wrought iron, 41. 

** '* cast iron. 24. 

Brix, M., experiments on expansion of fire-bars, 153. 
Buckstaves, or binders, 865. 
Bursting strength of cylinders, 8, 11, 310. 
Butt joints, 70. 84. 
Butterly boiler, 15(». 

C. 

Calcerous deposits, 162. 
Calking, 326-329. 

effects of careless, 51, 61, 197. 
Calorimeter tests, 420. 
Cambered end plates. 21. 
Carbonateof lime, 132, 161, 164. 
Cast iron for boilers, 24. 
** " tenacity of, 25. 
" " treacherous nature of, 25, 29. 
Chalybeate waters, corrosive nature of, 168. 
Chemical action as a cause of grooving, 197. 
" agents for removing scale, 172. 
" equivalents, table of, 245. 
Chimneys, 421. 
Circulation, 5, 116, 162. 

defective, effects of, 208, 204. 
Clark's, Dr., process, 181 

** D. K., on heating surface, 291. 
Cleaning, 111, 164, 170, lb5. 
** Cornish boilers, 146. 
flues, 156. 
Coal-caking, 153, 154. 
Coal, kinds of, 248. 
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Coal speed of combustion, 272. 
*' steam, 250. 
" trials, 260. 
Code of rules for boiler trials, 409. 
Coil boiler, 35a. 
Coke, 247, 250. 

Cold-hammering, effect of, 40, 42, 62. 
Collapsing strength of tubes, 13, 49. 
Combustion, air required for, 254. 
heat of, 251. 
rate of, 272. 
'* of coal, values of fuels, 397. 

" chambers, corrosion in, 205. 

Conducting power of materials, 50, 280. 
Connecting plates, 335. 
Connery's method of calking, 327. 
Construction of boilers, 89. 
Contraction and expansion, effects of unequal, 36, 40, 203, 204, 

205, 230, 236. 
Contraction of rivets in cooling, 56, 62, 66. 
Cooper's plates, 33. 
Copper boilers, 2a. 

for boiler-making, 25, 30. 
** stay-bolts, 94. 
Cornish boilers, 13a, 92, 107. 

" ** feed arrangement in, 116. 

flues of, 137 

difficulty of cleaning, 146. 
" " tubes, 193. 

grooving in, 194, 196. 
setting of, 199. 
" " overheating of furnaces, 166. 

*' '* external corrosion, 204. 

" •' fractures in, 207. 

'* " expansion of, 209. 

fire-grates of, 154, 271. 
testing of, 219. 

heating surface of, 276, 290, 297. 
power of , 298, 299. 
Corrosion produced by hydrochloric acid, 168. 
** supposed, by use of soda, 174. 
" prevented by use of soda, 174 
" induced by breaking skin of plates, 183 

internal, 187. 
" prevention of, 191. 
" caused by very pure waters, 192. 
" external, 197. 
" at boiler-mountings. 205. 
Couste, M., on solubility of salt, 161. 
Cow burn sjifety- valve, 129, 350. 
Crosby safety-valve, 851. 
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Crystalline appearance, 89, 41, 214. 
Cylinders, burstinfi^ strength of. 7, 213, 810. 

collapsing strength of, 18, 107, 318. 
Cylindrical boilers, 5a. 

flue boilers, 11a. 

D. 

Damage caused by getting up steam too quickly, 205, 228, 225. 
Dampers, 157. 

Danger from want of feed check- valves. 113. 
** ** defective blow-out apparatus, 140. 
*' ** usin^ unguarded manholes. 144 
" *' cutting out shell for dome-holes, 147. 
'* ** accumulation of scale, 158, 882. 
** ** overheating of egg ended boilers, 168. 
" " using greasy water, 166, 177. 
" " neglecting to blow-out, 176, 179. 
** " cooling boiler down suddenly, 184, 209. 
" ** blowing out while hot, 203. 
" defective staying, 227, 888. 
" ** accumulation of air in water tube boilers, 228. 

** priming, 281. 
*' " defective workmanship, 217, 230, 398. 
Dead plates, 152, 269. 

*' water in Lancashire boilers, 157. 
Defective workmanship, 217, 230. 

Dewrance^s experiments on evaporative power of tubes, 284. 
Diagonal stays, 99. 
Domes, 72, 147. 
Double-deck boilers, 18a. 
Drifting, injurious effects of, 66, 67, 79. 
Drilling steel plates, 47. 
" iron plates, 63. 
Ductility of copper, 25. 
*' iron, 40. 
" steel, 49. 

E. 

Egg-ended boilers, 89, 90, 115. 

** *' blowing out, 144. 



water-gauges for, 137, 188. 
floats for, 139. 
fire-grates of, 151, 271. 
flues for, 156. 
setting of, 156, 200. 
staying of, 98, 236. 
incrustation in, 163. 
fractures in, 206, 207, 208 
overheating of, 211, 230, 238. 
heating surface of, 276, 290. 
evaporative power of, 299. 
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Elastic limit of iron and steel, 214. 
Elephant boilers, 20a, 276. 
Elliptical boilers, 11. 

tubes, 18. 
Emery, Chas. E., boOer coverings, 367. 
Evaporation, unit of, 407. 
Evaporative power of boilers, 273, 298, 299. 
" ** tubes, 289, 291. 400. 
'* value of heating surface, 290, 408. 
Exhaust feed-water heaters, 348. 
Expansion and contraction, effects of, 86, 40, 92, 208, 204, 205, 

230, 236. 
Expansion, sudden, for removing scale, 184. 
** of tubes in Cornish boilers, 193. 
" of long boilers, 209. 
of brick-work. 366. 
Experiments on strength of copper, 31. 

" iron, 88, 43, 75. 
** tubes, 14. 
** ** " " spheres, 13. 

" steel plates, 47, 48. 
'• " " '* steel riveted work, 50, 830. 

" welded steel bars, 52. 

** iron plates, 86, 87. 
" rivets, 56, 330. 
" riveted work, 69, 71, 73. 380. 
" '* punched and drilled plates, 68, 830, 
" ** " '* strength of screwed bars, 93. 

** in exploding boilers, 239, 241. 
" '* with steam coals, 260. 
" " " '* evaporative power of flat surfaces 

and tubes, 274. 284. 
*' " ** '* on screwed stay-bolts, 338. 

Explosions caused by injudicious repairs, 210. 

" overpressure, 226, 383, 388, 391, 392. 
" *' ** internal dynamic force, 232. 

" ** " ignition of gases in flues, 288. 

" simultaneous, 233. 

investi^tion of, 237. 
** electricity as a cause of. 239. 
" superheating theory, 240. 

by overheating, 241, 382, 388, 384. 
" spheroidal theory, 242. 
'* (collapse) due to external pressure, 381 
" due to corrosion, 882, 884, 390. 
'* from low water, 383. 
" due to sudden contraction of plates, 386. 
of vertical boiler, 387, 888, 390, 391. 
of agricultural boiler, 389. 
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F. 

Factor of safety, 2ia 
Factors of evaporation, 408. 
Fairbairn on elongatioD of iron bars, 9. 

** •* strength of wrought-iron tubes, 14. 
" " •* *• ** at hi^h temperatures, 43. 

** ** strength of single and double nveted joints, 69, 71. 

•* ** •* iron and cooper stay-bolts, 100. 

Faraday, analysis of sea-water. 161. 
Farnley plates, 83. 

Feed- water admission, best position for, 115, 117, 306. 
** " through blow-out apparatus, 170. 

•' delivery pipes. Ii6. 206. 
temperature of. 118, 308. 
heaters, 118,166, 308. 843. 
Feed-pipes, furring up of, 119, 103. 
Fibrous irou, 39, 41. 
Field's tubes, 36a. 
Fire-bars, 152. 

'* wrought and cast iron, 154 
*' hollow, 154. 
" expansion of, 158. 
rocking, 860. 
Fire-box staying, 99. 104. 
Fire-boxes, 25, 80, 91, 93, 99, 103, 104, 276. 

*' fractures in, 211. 

Fire-doors. 151. 
Fire-grate, area, 293. 
*' inclined. 154. 

•' short and long, 271. 

rocking, 360. 
Firing, 267. 

forced, 255. 
Firmenich boiler, 85a. 
Flanging plates, 85. 886. 
machine, 337. 
Flash flues, 156. 
Flat ends of cylinders, 11, 22, 91, 98. 

** " staying, 28, 91. 
Flat surfaces, strength of, 21, 22, 23. 
** " permanent set of, 22 
** *' for evaporation, 275. 
Fletcher, L. E., experiment on boiler explosions, 241. 

•* information about explosions, 243. 
Floats, 139. 
Flues, cramped, 156. 
" corrugated, 15a. 
•* external ,298. 
Fractures in cast-iron, 27. 

** appearance of , in iron, 29, 89, 42. 

" in plates, 86, 78, 92. 115, 205, 253, 281. 
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Fi-anklin Institute, experiments, 31, 239. 

French boiler, 20a. 

Furnace boilers, fractures in, 206, 207, 210. » 

** mouth-piece, 150. 
fronts. 152. 
Furring, see Incrustation. 

" up of feed apparatus, 119. 

** o it blow-out, 144. 
Fun-owing, see Grooving. 
Fusible plugs. 131, 353. 

•* " should be frequently renewed, 188. 

** ** U. S. requirements in regard to, 355. 

G. 

Galloway boiler. 15a, 194, 293. 

" tubes, 111. 
Galvanic action, 94, 183, 190, 373. 
Gauge, mercurial pressure, 133. 
*' dial pressure, 135, 355. 
*' water, 186, 356. 
Grate area. 291, 293. 
" ^ rocking, 360. 
Gray's nile for efflux of steam, 1^0. 
Grease in water leading to overheating, 166, 242. 
** and priming, 150. 

" may retard ebullition and circulation, 163. 
*' as affected by soda, 174. 
*' use for preventing incrustation, 177, 372. 
'* may cause corrosion, 183. 
Grooving, 91, 92, 108. 

'* in locomotive boilers, 196. 

** in vertical boilers, 195. 

" in wagon and haystack boilers, 195. 

" in Cornish and Lancashire boilers, 192, 210. 
Gusset stays, 22, 97, 342. 

H. 

Hanging boilers, 368. 

Hand-holes in vertical boilers, 147. 

Harrison boiler, 34a. 

Havrez, evaporation from tubes, 400. 

Haystack boiler, 5a, 195. 

Hazleton boiler, 32a. 

Heating surface, covered with soot, 156. 

** *• of multitubular boilers, 399. 

" " and evaporative power, 121. 

efficiency of, 12a, 273. 
value of, 290, 866, 408. 
Heine boilers, 24a. 

High-pressure steam, economy of, 807. 
Hi Her, H.., boiler explosions, 248. 
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Homogeneoas metal, 44. 

Hoops, BtrengtheniDg, for tubes, 107. 

llotchkissainechanlcal cleaner, 388. 

liopkinson safetv^yalve, 181. 

Horse-power of boilers, 296, 405. 

Hydraulic riyetiog, 55, 832. 

Hydraulic test. 217. 

Hydrochloric acid in boilers, 168, 176. 

I. 

Incrustation on cast-iron, 28. 
'< tliickuess of. 158. 

" leads to overheating, 158 229. 

" interferes with examiuatiou, 159. 

** difficulty of removing, 159. 

" specific gravity of, 169. 

" calcareous, 160. 

" least in amount over furnace, 163. 

loss of heat due to, 104, 287, 294. 
" appearance of, 167. 

*• menus for preventing, 168. 

** prevented by blowing off, 169. 

" chemical agents, 172. 
** mechanical ngeuts, 177, 369. 
" smearing boiler, 118. 
'• improving circulation, 180. 
" surface condensation, 182. 
'* manual labor, 183. 
'• electric agents, 184. ^'* 
Injectors, check- valves on, 114. ' 

lulernal pressure iu cylinders, 7, 213, 310. 
Internally fired boilers, see Cornish and Lanca^ire boilers. 
Iron, wrought, character of, 32. 

" limit of elasticity, 214. 

Isherwood, experiments on heating surfaces, 402, 404. 

J. 

Jarring strains, 40, 220, 234. ^ 

eifects of . 62. 
Joints for boiler mountings, 112, 145. 

K. 

Kay's low-water safety-valve, 131. 

Kennedy, Prof., experiments on riveted joints, 380. 

Kerosene,, use of, in boilers, 373. 

Kirkaldy's experiments on wrought iron, 38. 

*• remarks on fracture of iron , 40-42. 

** experiments on steel riveted joints, 50. 

'* *' ** welded steel bars, 52. 

" iron bars, 86. 

" " *• screwed bars, 93. 

Kirtley's " *' strength of welded iron plates, 87. 



li^Dfix; 431 

'-L;'v;; ..ir . -■■ '. 

Lamination of plates, 85, 211, 230/ 
Lancashire boilers, 13a, 92, 107, 111. 
flues of, 157, 293. 
" ** overheating of furnaces in, 116. 

** ** expansion of tubes in, 193. 

" ** grooving in.. 196. > 

setting of, 199. 
" " external corrosioiL of, 204. 

** " fractures in, 207. 

testing of, 219. 

heating swrface of, 276, 290, 293, 297. 
fire-grates of, 154, 271. 
** " evaporative power of, 298. 

Lap, defect of too much, 79. 

'* amount of, 82, 84, 85, 332. 
Lap-joints, 69, 73, 81. 
Latta boiler, 35a. 
Leakage, 80, 91, 220, 223. 
causes of, 202. 
Lime, carbonate of, 160^162. 
*' sulphate of, 160, 161. 
Limit of elasticity, 214. 

Locomotive boilers, 17a, 90, 91, 116, 117, 146, 204, 211, 300. 
** ** fire-boxes, 154. 

heating surface of, 290, 291. 
Longitudinal plating, weakness of, 17, 72, 73, 89, 90. 
Longridge, R. B., on explosions, 243. 
Loss of heat in pipes, 367. 
Low Moor plates, 33. 
Low- water safety-valves, 131. 
Lowe, length of tubes, 400. 
Lowe feed- water heater, 343. 
Lyne, F. L., on use of kerosene, 373. 

M. 

Machine riveting, 55. 
Magnesia, carbonate of> 160-162. 

chloride of, 168. 
Manholes, defective, 144. 

** covers, 113. 
Marten, E. B., on explosions, 243. 
Maynard, experiments on punched and drilled plates, 68. 
Mechanical action as a cause of grooving, 197. 

** cleaner, the Hotchkiss, 369. 

" agents for preventing incrustation, 177. 
Mercurial pressure-gauges, 134. 
Monk'^ridge-plates, 33. 
Mortar as a boiler-setting, 156, 198. 
Mud-holes, 113, 145. 
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Multitubular, boilers, 11a, 17a. 277, 383, 299. 
setting of. 203. 

O. 

OU in boilers. 843, 872. 
Oval boilers, 10, 11. 
Oval tubes, weakness of, 18. 

Overheating caused by incrastration, 158, 166, 211. 376. 
" '* ** greasy water. 179. 

" ** ' *' accumulation of air, 228. 

** causes of. 228. 

indications of, 238. 
" as a cause of explosions. 241. 

Overpressure, 231. 

P. 
Peclet on incrustation, 165. 
** *' air admission. 270. 
" evaporation, 280, 286. 
Petroleum, use of, in boilers, 372. 

as fuel, 398. 
Pitcb of rivets. 74, 79. 

" •' " tables of, 81. 82, 84. 380, 384, 
Pitting of plates, 189. 
Plates, iron. 32, 206. 
*' thick edge, 91. 
'* thick, 69, 71, 84, 90, 281. 
Plating, 89. 

Pocket, formation of, 376. 
Porcupine boiler, 32a. 
Portable boilers, 18a. 
Potash for preventing incrustation, 175. 
Power, boiler, 298, 405. 
*' evaporative, 273. 
** horse. 298, 405. 
Presu re-gauges, 133, 135, 355. 

" position for fixing, 136. 

" initial blowing olf, 120. 

** high economy of using, 307. 

" working, allowable, 378, 380. 

test, 377. 
Priming, causes of and prevention, 33a, 149, 150, 166, 173. 

" loss of water caused by, 301. 
Proportions for riveted joints, 329, 332. 
Punching, effects of, on steel plates, 47. 

" " iron plates, 63, 64. 
** power required for, 65. 
" mduces corrosion, 191. 

Q. 

Quality of copper, 30. 

Quality of iron plates, 33, 40, 64. 
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R. 

Rankine, Prof., on strength of flat surfaces, 22 

*' on heating surface, 2s3, 295. 
Rate of combustion, 272. 

*' " increase of pressure, 396. 
Reed, E. J., on punched steel plates, 48. 

** *' ** riveted work, 57. 
Repairs as affected by riveting, 51, 66. 
Rivet-heads, 54, 62, 63. 188. 
Rivets, form of, 53, 6€, 321. 
" large, 81, 83, 331. 
" strength of, 55, 56, 68 
" pitch of, 74, 79. 8*3, 3aS. 
" tables of, 81, 82, 84, 330, 834. 
Riveted steel plates, 50. 
joints. 53, 3'i3. 
Riveting by machine, 55, 322. 

defective, 67, 324. 
Rules for boiler trials, 409. 
Rupture of fire-boxes, 104. 
Russian iron, 33. 

S. 
Safety boilers, 23a. 
Safety-valves, 349. 

'* rule for area, 120. 

lift of. 121. 
" effective opening of, 121. 

disc, 121. 
mitre, 122. 
guides, 123. 
*' lever, deifects of, 124. 

" rules for, 126. 
spring, 127, 130, 351. 
dead weight, 129, 349. 
Cowburn, 129, 350. 
inoperative, 130, 392, 395. 
** low water, 131. 

** overloading, 231. 

lock, 232. 
Safety, factor of, 73, 89, 216. 
Sal-ammoniac, \ise of, 176. 
Salt water analysis, 161. 

•' " blowing out, 171. 
Scale, «^ Incrustation. 
Screwed stays, 93. 

'• *• bolts, experiment on, 

Sectional or segmental boilers, 23a, 33a, 27, 159, 228, 278. 
" " '* *' accumulation of air in, 228. 

Setting boilers, 156, 360. 

'• *' injudicious, 198. 
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Sbapley sparkless boiler, 81a. 
Sharp'g experiments on steel plates, 47. 
Shearing strength of rivets, 56. 
Ship plates. 32. 
Smoke prevention, 263. 
Snapping of iron, 40, 41. 
Soda, use of, for preventing incrustation, 172, 
** means for introducing, 172. 
'* destructive to packing, etc., 174. 
'< effect on plates, 174 
" used to prevent corrosion, 174, 182. 
" use of, with greasy water, 175. 
" use of, may cause priming, 138, 173. 
" caustic, 174, 175. 
" salts, solubility of, 160 
Sphere, strength of, 19, 25. 
Spherical boilers, 4a. 
Split draught, 13a. 
Staffordshire plates, 32. 
Stays, 23, 337. 

•* gusset, 842. 
Stay bolts, 337. 
•' rods, 93. 340. 
" plates, 22, 97, 342. 
Staying flat ends, 23, 91. 

egg-ended boilers, 98, 236. 
** fire-boxes, 104. 
Steam domes and chambers, 147. 
*' pipes, 29. 
" properties of, 303. 
*' tables, 303. 

'* efflux of, into atmosphere, 120. 
Steel for boiler-making, 45. 
•* rivets, 51. 
" welding, 52. 

" corrosion of plates, 189, 190. 
Stephenson, experiments on evaporative power of tubes, 284. 
Stillwell i& Bierce feed-water heater, 346 
Stone boilers, 2a. 

Strength of cylinders, transverse, 8. 
- longitudinal, 7-11. 72, 73. 
" due to lap-joints, 17, 72. 
*' collapsing, 13. 
*' of flat surfaces, 21. 
*' of sphere, 19. 
" of rivet iron, 55. 
Strength of riveted joints, 58. 69, 71, 173. 
** tensile, of cast iron, 25. 
" " " wrought iron, 38, 43. 

** ** " copper, 31. 

" '* " steel joints, 50. 
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Strength, tensile, of stays, 99. 

loss of, by punching, 64, 69, 73. 
Strengthening tubes, means for, 107. 
** manholes, 145. 

•' dome-holes, 150. 

Stretching of wrought iron, 9, 42. 
Surface blow-off, 369. 

** of condensation, 182. 



Tables of diameter and pitch of rivets, 81, 82, 84, 880, 334. 
** " properties of combustibles, 245. 
'* *' composition of coal, 249. 
" " heat of combustion, 251. 
'* *' results of coal trials, 260, 397. 
" " rates of combustion, 272. 
" " evaporative efficiency. 296. 
" *' properties of steam, 303. / 
'* *• bursting pressure of cylinders, 314. 
" collapsmg ** '* '* 314. 

" ** safe working pressures, 380. 

•• boiler covermgs, 867. 
" ** values of American coals, 397. 
" •* evaporations, 404. 

*' *• ratio of heating surface to horse-power and crrate sur- 
face, 406. 
*' factors of evaporation, 408. 
" *' sizes of chimneys. 421. 
Tallow, use of, in boilers, 177. 
Tannic acid for incrustation, 175. 
Taps, water-gauge. 138. 
** blow-out, 142. 
" best taper of, 142. ^ 
*' gland and plug, defects of, 143. 
•' or plug cocks, 360. 
Taylor Brother's plates, 33. 
Temperature, influence Of, on strength, 31, 43. 
Tenacity of cast iron, 25. 

** wrought iron, 9, 38. 
** •' copper, 31. 
" steel, 44, 46. 
Test for boilers, hydraulic. 219. 376. 
" •* ** objections to, 222. 378. 
" *' " duration of 222, 378. 
*' '• " steam, 218, 223. 
•' " •* U. S. statutes, 376. 
" •* " hammet, 380. ' 
Testing power of boilers 409. 
Testing iron plates and rivets, 36. 

*' steel plates, 52. 
Tie-rods, 94, 842. 
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IMgbtness. importance of. 80. 
Treacherous chamcter of cast iron, 25. 

•* steel, 46. 
Trials, boiler, 909 ei aeq. 
Tubes and flues, 11a. 

means for strengthening. 106. 

** collapse of. 236. 

'* strength of, 14, 216, 818. 

" steel. 49, 107. 

** length of small. 293, 399. 

•* distortion of, 220. 

** evaporative power of, 276, 284, 400. 

•' water. 110, 294. 

** tables of areas, surfaces, etc., 402. 

** arrangement of, 400. 

" ratio of area to grate, 401. 
Tube-plates, leakage at. 205. 
Tubulous boilers. 27, 159, 228, 278. 
Turn-buckles, 342. 
Types of boilers, 4a. 

U. 
Unit boiler, 34a, 27, 228. 

*' of evaporation, 407. 

" ** boiler power, 406. 
Ure, Dr., analysis of sea-water, 161. 

V. 

Valves, feed, back pressure, 113. 

" safety, 119, 349. 

'* blow-out, 141, 359. 
Vertical boilers. 5a, 7a, 28a, 31a, 89, 90, 92, 202, 299. 

" ** fire grates of, 154. 

fractures in, 210. 

'* *• grooving in, 195. 

explosions in, 887, 388. 390, 391. 
Vibration, effects of, 40, 62, 220, 234. 
Voltaic action, see Galvanic action. 

W. 

Wagon boiler, 7a, 195. 
Wash-out plugs, 146. 
Waste gases as fuel, 10a. 
Waste pipes to safety-valves. 125. 

'* " ** blow-out apparatus, 143. 
Water, feed, should influence choice of boiler, 159. 

'* pockets, 111, 278. 

** gauges, 136, 356. 

" spaces, 108, 110, 111. 

" tubes, 110, 276, 278, 291. 
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Water tube boilers, 28a. 
'• indicator, 856. 
** column, 357. 
Wear and tear due to overheating, 158. 
Welded iron plates, 86, 197. 

steel bars, 52. 
Welsh coal, 248. 
Wheel draught, 9a. 

Williams on evaporative po«ver of tubes, 
Working of wrought-iron plates. 34. 
'* steel plates, 46. 
pressure of boilers, 878, 380. 
Wrought-iron plates, 82. 

** character of, 84, 45. 

tenacity of, 9, 88. 

Z. 

Zinc, use of, in boilers. 878. 
*• as a preventive of scale. 874. 
" in water-tube boilers, 875. 
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